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IN VITRO STUDIES ON SOME PLANTS OF 
ECONOMIC IMPORTANCE 
ANWAR SHAHZAD 
Abstract of the thesis, submitted to the Aligarh Muslim 
University, Aligarh, India for the degree of Doctor of Philosophy in 
Botany. 
The present investigation was undertaken to develop reliable 
protocol for the evaluation of best medium for the optima! response 
to produce various types of calli, cytodifferentiation, efficient 
micropropagation through organogenesis and embryogenesis and 
successful acclimatization. The results are abstracted as follows : 
6.1 Callogenesis 
The leaf and shoot tip explants in Helianihus annuus were 
more callogenic than other explants on both higher auxin to lower 
cytokinin or higher cytokinin to lower auxin containing media. Other 
explants responded better on higher cytokinin to lower auxin ratio. 
2,4-D (2mg/l) was best single auxin treatment for the callus induction 
in all the explants but addition of NAA (2mg/l) proved to be better 
for early callusing. The combination of NAA (Img/I) + BAP (lmg/1) 
gave better response for the production of nodular green calli in leaf 
explant whilst NAA (5mg/l) + BAP (0.5mg/l) was found better in 
inducing yellowish callus in cot>'ledonary explant. H>T)ocotyle and root 
explants exhibited poor response and produced friable and creamy 
coloured calli on 2,4-D (2mg/l) alone or 2,4-D (2mg/l) + BAP (lmg/1). 
Higher concentration of both BAP (5mg/l) + NAA (5mg/l) in 
combination was found suitable for the induction of fast growing green 
nodular calli in all explants except root segments which showed 
similar response on Kn (2mg/l) + lAA (lmg/1). 
The leaf and shoot tip explants in Brassica juncea showed 
better response for callus induction and proliferation. Optimum 
response of 2,4-D (2mg/l) and NAA (2mg/l) was noticed in cotyledon 
& shoot tip explants respectively. Nodular callus production through 
leaf and shoot tip explants was obtained on NAA (2 or 5mg/l) + BAP 
(lmg/1) while on lower concentration of NAA (Img/l) + BAP (0.5mg/ 
1) greenish friable calli were produced. Supplementation of higher 
concentration of cytokinins than auxins proved superior to higher auxin 
to lower cytokinin ratio. All the explants produced fast growing loose 
creamy coloured calli on BAP (5mg/l) + NAA (lmg/1), while Kn 
(5mg/l) + NAA (lmg/1) resulted in the production of nodular green 
calli. 
In Ocimum sanctum nodal segment and shoot tip explants were 
more responsive for callus induction as compared to leaf explant. The 
best medium for the production of fast growing pigmented nodular 
calli was evaluated as Ads (10 - 15mg/l) + lAA (0.5-lmg/l) in all the 
explants followed by BAP (5mg/l) + NAA (0.2mg/l) + Gla (50mg/l) in 
leaf and BAP (2 or 5mg/l) + NAA (0.2mg/l) + Gla (50mg/l) in stem 
segment and shoot tip. Higher auxin to lower cytokinin ratio was 
inferior to higher cytokinin to lower auxin ratio. On NAA (5mg/l) + 
BAP (0.5mg/l), nodular green calli were produced through leaf explant 
and NAA (2 - 5mg/l) + Kn (0.5mg/l) was better for the production of 
fast growing yellowish coloured nodular compact calli through stem 
segment and shoot tip explants. 
In Dalbergia sissoo the stem segment was found most suitable 
explant for the production of friable and creamy coloured calli on 
NAA (5mg/l) + BAP (0.5mg/l), while BAP (5mg/l) + NAA (5mg/l) 
resulted in loose callusing. The leaf explant responded best on Kn 
(5mg/l) + NAA (5mg/l) for the induction of nodular green calli 
followed by BAP (5mg/l) + NAA (0.2mg/l) + glutamic acid (50mg/l). 
The stem explant of Mentha arvensis exhibited good response 
for the induction of compact nodular callus followed by leaf explant 
on NAA (5mg/l) + BAP (lmg/1). The higher dose of cytokinin and 
auxin proved to be significant and showed greenish granular callusing 
through leaf explant on Ads (15mg/l) + NAA (5mg/l), while BAP 
(5mg/l) + NAA (0.5mg/l) was found suitable in stem segments. 
In Cannabis sativa also the stem segment was better for the 
production of callus. The most suitable medium tested was MS + 
NAA (4mg/l) + BAP (0.5-lmg/1), which produced compact nodular 
green calli. However, yellowish smooth calli were observed in leaf 
explant on NAA (2mg/l) + BAP (0.5-lmg/l). BAP (2mg/l) in 
combination with 2,4-D (0.5mg/l) was most effective for the induction 
of fast growing dark green nodular calli through leaf explants while 
stem segments produced fast growing creamy coloured friable calli on 
BAP (4mg/l) + NAA (4mg/l). However, supplement of other auxins at 
the same concentration in place of NAA played inhibitory effects. 
6.2 Callus Growth 
In callus growth studies, it was observed that under similar 
conditions and using similar explants calli, growth was slow in 
Ocimum sanctum but faster in Helianthus annuus, Dalbergia ssisoo 
and Brassica juncea respectively. Different auxins and cytokinins in 
different concentration regimes responded differently in maintaining the 
callus growth in terms of fresh and dry weight and relative growth rate. 
In Helianthus annuus fresh and dry weight was found to be 
maximum in BAP (2mg/l) + lAA (0.05mg/l), while media containing 
Ads were least effective. Maximum relative growth rate was observed 
in Kn (5mg/l) + lAA (0.05mg/l) in the first week (0.14 day^) while 
in the fifth week it was maximum (0.10 day') in BAP (3mg/l) + lAA 
(0.05mg/l). Among auxin containing media maximum fresh weight was 
noticed in the fifth week in NAA (5mg/l) + Kn (0.05mg/l) and dry 
weight was maximum in NAA (3mg/l) + Kn (0.05mg/l). While relative 
growth rate was maximum (0.17 day') in the second week in lAA 
(5mg/l) + Kn (0.05mg/l). Higher concentration of IB A showed poor 
response for callus growth. 
In Brassica juncea best auxin for callus growth was lAA (5mg/l) + 
Kn (0.05mg/l). On this medium faster growth was recorded in the 
first week followed by fourth and fifth week. Maximum fresh weight 
was recorded on the same medium in the fifth week while for 
maximum dry weight IBA (3mg/l) + Kn (0.05mg/l) was significant. 
Maximum relative growth (0.11 day') was obtained in the first week 
in NAA (5mg/l) + Kn (0.05mg/l) followed by (0.10 day') in the 
third week on Kn (3mg/l) + lAA (0.05mg/l) while at the end of fifth 
week BAP (3mg/l) + Kn (0.05mg/l) was best for maximum relative 
growth rate. The cytokinin containing media responded less for callus 
growth and only Kn (3mg/l) + lAA (0.05mg/l) showed better response 
for maximum gain in fresh and dry weight at the end of fifth week. 
Similarly, in Dalbergia sissoo NAA (5mg/l) + Kn (0.05mg/l) was 
found to be the best medium for maximum fresh and dry weight gain 
upto the end of fifth week, while relative growth rate was maximum 
(0.1 day') in the same medium in the second week. It has been 
concluded that in Dalbergia sissoo cytokinin containing media were 
significantly better as compared to auxin containing media BAP (5mg/l) 
+ lAA (0.05mg/l) proved to be better for maximum fresh and dry 
weight and RGR. 
In Ocimum sanctum, NAA (5mg/l) + Kn (0.05mg/l) exhibited 
maximum fresh and dry weight and relative growth rate upto the fifth 
week of incubation, while lAA showed very poor response. Cytokinin 
augmented media were slightly better for gain in dry weight as 
compared to fresh weight gain. Adenin sulphate (lOmg/1) + lAA 
(0.05mg/l) was better for maximum fresh and dry weight gain upto the 
fifth week. While maximum relative growth rate was recorded in the 
first week on BAP (3mg/l) + lAA (0.05mg/l) 
Although 2,4-D was found to be good callus inducing auxin, but 
inhibited callus proliferation except in Ocimum sanctum, where adenin 
sulphate gave better response for callus growth which responded poorly 
in other taxa studied in the present investigation. Hence, in Ocimum 
sanctum some endogenous hormonal regulation altered the effects of 
auxin or cytokinin other than 2,4-D or adenin sulphate. 
6.3 Xylogenesis 
In cytodifferentiation studies emphasis was given on tracheid 
differentiation in calli subcultured on different hormonal regimes. A 
wide range of differentiating pattern was observed in all the six plants 
investigated in present study. It was evaluated that in some cases 
synthetic auxins showed poor xylogenic effect as compared to natural 
auxin and vice versa. 
The best response for xylogenesis in Helianthus annuus was 
observed on IB A (2 - 5mg/l) + Kn (0.05mg/l) followed by NAA 
(lmg/1) + Kn (0.5mg/l). Low auxin supplement to higher cytokinin 
augmented media did not improve the response. The two cytokinins in 
combination with lAA (0.5mg/l) exhibited synergistic effects for early 
and comparatively better tracheary cell differentiation. 
In Brassica juncea auxin containing media showed poor 
response for xylogenesis as compared to cytokinin containing media. 
Among single auxin or auxin + cytokinin better results were obtained 
on 2,4-D (2mg/l) + NAA (1 or 2mg/l) + Kn (0.5mg/l). Whereas BAP 
at higher concentration in combination with Kn (lmg/1) + lAA (0.5mg/ 
1) proved to be the best and most suitable for the differentiation of 
tracheary cells. 
In Ocimum sanctum lAA + Kn was the best combination for 
better xylogenesis and the optimum concentration was evaluated as 
lAA (2mg/l) + Kn (0.5mg/l), but the combination of two auxins was 
not better. Both cytokinin and auxin containing media were proved to 
be equally xylogenic. The best combinations were BAP (2mg/l) + LAA 
(0.5mg/l), Ads (lOmg/1) + lAA (0.5mg/l), BAP (2mg/l) + Kn (lmg/1) 
+ lAA (0.5mg/l) and BAP (2mg/l) + Kn (lmg/1) + lAA (0.5mg/l). 
Xylogenesis in Mentha arvensis and Dalbergia sissoo was 
rather poor on both auxin and cytokinin containing media. Whereas 
cytokinin containing media were found slightly better in Mentha 
arvensis than auxin containing media which were suitable for D. 
sissoo. In Mentha arvensis a better response was noticed on BAP 
(2mg/l) + Kn (Img/l) + lAA (0.5mg/l) while in D. sissoo, lAA or 
IBA (2 or 5mg/l) + Kn (0.5mg/l) was better. 
In Cannabis sativa cytokinin showed very poor xylogenic 
effects as compared to other plants while auxin containing media were 
significantly better with optimal response on IBA (2mg/l) + Kn 
(0.5mg/l) followed by NAA (2mg/l) + Kn (0.5mg/l) and 2,4-D (2mg/l) 
+ IBA (lmg/1) + Kn (0.5mg/l). In C. sativa 2,4-D containing media 
induced localized tracheary cell differentiation as compared to 
delocalized arrangement in other plants and also exhibited a poor 
response. 
6.4 Rhizogenesis 
The best response for rhizogenesis through leaf explant was 
observed in H. annuus, B. juncea and Mentha arvensis and through 
shoot tip or stem segment in O. sanctum while through callus in 
D. sissoo and Cannabis sativa. 
In Helianihus annuus the leaf explant profusely rooted on MS 
+ NAA (2mg/l) + Kn (0.5mg/l) followed by IBA (2mg/l) singly or in 
combination with Kn (0.5mg/l). However, IBA (1 - 2mg/l) + Kn 
(0.5mg/l) proved to be the best for rhizogenesis in the shoot tip 
explants from cut end as well as from whole surface. Similar 
response was also noticed on NAA (4mg/l) + Kn (0.5mg/l) and NAA 
(lmg/1) + IBA (1.5mg/l). Cotyledon explant poorly responded, v i^iereas 
calli profusely rooted on NAA (4mg/l). The cytokinin either singly or 
in combination could not show significant response. In leaf explant, 
Kn (lmg/1) + lAA (lmg/1) could induce rhizogenesis significantly 
while in callus Kn (4mg/l) + lAA (lmg/1) was found suitable. 
In Brassica juncea asmong single auxin treatment lAA (4mg/l) 
was the best for leaf and cotyledon explants while LAA (4mg/l) + Kn 
(0.5mg/l) induced profuse rooting in shoot tip explants. lAA (2mg/l) 
was the best in MS/2 for leaf and shoot tips. The two auxins namely 
NAA (lmg/1) + IBA (1 & 1.5mg/l) exhibited significant response in 
leaf explant followed by shoot tip on NAA (lmg/1) + IBA (1.5mg/l). 
Supplement of cytokinin was not beneficial for rhizogenesis except Kn 
(lmg/1) + lAA (lmg/1) in leaf explant and cotyledon while MS/2 
containing Kn (lmg/1) + IBA (0.5mg/l) was most effective in 
cotyledon. The shoot tip and calli showed very poor response on 
cytokinin containing media. 
In Ocimum sanctum, stem segment was the best explant for 
high frequency of rhizogenesis on NAA (4mg/l) + Kn (0.5mg/l) 
followed by NAA (2mg/l) + Kn (0.5mg/l). Similar trend was also 
observed on NAA + Kn combination when supplemented in MS/2. For 
better rhizogenesis subcultured calli gave better response on IBA 
(2mg/l) + Kn (0.5mg/l) followed by NAA (2mg/l) + Kn (0.5mg/l). 
The cytokinins singly or in combination with auxin could not prove its 
rhizogenic efficiency. The MS/2 medium augmented with Kn (2mg/l) + 
NAA (0.5mg/l) was suitable for stem segment. In Mentha arvensis, 
IBA was the most suitable auxin for the induction of highly profuse 
rhizogenesis in leaf explant followed by stem segment. The 
subcultured calli responded well in NAA. The Rhizogenic potentiality 
decreased in other auxin and addition of BAP (0.5mg/l) was inhibitory 
for rhizogenesis in leaf explant. In stem segment, supplement of two 
auxins (IBA + NAA) in MS/2 was beneficial for profuse rhizogenesis. 
Similar trend was exhibited by subcultured calli. Single cytokinin was 
totally ineffective for rhizogenesis in leaf explant, while some 
response was noticed in stem segment on BAP or Ads containing 
media. BAP (2mg/l) + NAA (0.2mg/l) and BAP (lmg/1) + lAA 
(0.5mg/l) gave better response for the induction of rhizogenesis in 
stem segment while MS/2 + IBA (2mg/l) + 2,4-D (0.5mg/l) was 
significantly better for subcultured calli. 
In Dalbergia sissoo leaf and stem segment explants responded 
insignificantly for rhizogenesis. However, subcultured calli exhibited 
the best response for the induction of rhizogenesis. Higher 
concentration of NAA or IB A alongwith BAP (0.5mg/l) was better 
than higher concentrations of BAP with NAA (0.2mg/l). Kn and Ads 
showed very poor response. Addition of glutamic acid proved to be 
essential for the induction of early and profuse rhizogenesis. BAP 
(4mg/l) + NAA (0.2mg/l) + Gla (50mg/l) gave better response 
followed by BAP (2mg/l) + NAA (0.2mg/l) + Gla (50mg/l) and IB A 
or NAA (4mg/l) + BAP (0.5mg/l) + Gla (50mg/l). 
In Cannabis sativa the subcultured calli exhibited best 
rhizogenesis than leaf and shoot tip explants. MS + 2,4-D (4mg/l) + 
Kn (0.5mg/l) was the best medium for the induction of profuse 
rooting followed by NAA (4mg/l) + BAP (0.5mg/l) and BAP (4mg/l) 
+ NAA (lmg/1). In leaf explant best rhizogenesis was induced on NAA 
(4mgA) + BAP (0.5mg/l) while in shoot tip explant moderate rooting 
occurred on higher NAA to lower BAP. 
6.5 Caulogenesis 
The best response for caulogenesis in Helianthus annuus was 
observed on Kn (2mg/l) + lAA (lmg/1) through leaf explant directly 
and 10-12 shoots were recovered, while NAA (lmg/1) + BAP (O.SmgA) + 
GA3 (0.5mg/l) showed better response for stem segments and NAA 
(lmg/1) + BAP (0.5mg/l) for subcultured calli. For both direct and 
indirect shoot regeneration, leaf explant was found better while for 
multiple shoot bud induction only subcultured calli gave better 
response on BAP (5mg/l) + NAA (lmg/1). 
In Brassica juncea a good degree of caulogenesis was obtained 
through subcultured calli on BAP (5mg/l) + NAA (lmg/1) combination. 
However, through cotyledon it was better on BAP (2mg/l) + NAA 
(0.5mg/l) and through leaf, single treatment of Kn (4mg/l) was most 
effective. Direct multiple shoot regeneration was obtained from shoot 
tip explants on BAP (lmg/1) + NAA (lmg/1), while on BAP (lmg/1) + 
Kn (lmg/1) + NAA (0.5mg/l) augmented media, multiple shoot buds 
formation was obtained with some callusing. 
In Mentha arvensis, MS + Ads (15mg/l) + lAA (0.5mg/l) 
proved to be the best medium for high frequency of direct 
organogenesis through leaf and stem segment, while MS + BAP (5mg/l) 
+ NAA (lmg/1) was better for subcultured calli. However, MS/2 
supplemented with BAP + lAA induced caulogenesis significantly 
through stem segment. The caulogenesis decreased with the 
dec rease in BAP concentration. Similarly, direct shoot 
regeneration in Ocimum sanctum was successfully obtained on BAP 
(2mg/l) + GA (0.2mg/l) through stem segment, while through callus 
mediated regeneration BAP (lmg/1) + NAA (0.2mg/l) + Gla (50mg/l) 
proved to be significant. The subcultured calli exhibited better 
regeneration potentials on BAP (5mg/l) or Kn (lmg/1) + NAA (0.2mg/ 
1) + Gla (50mg/l) supplemented medium while at lower concentration 
of BAP and NAA only shoot buds were obtained. The leaf explant 
proved to be recalcitrant for caulogenesis on all media tested except 
NAA (ImgA) + BAP (0.5mg/l) + Gla (50mg/l), which proved suitable 
for indirect shoot regeneration. 
In Dalbergia sissoo, indirect shoot regeneration through leaf 
explant could be obtained on BAP (5mg/l) + NAA (0.2mg/l) + Gla 
(50mg/l), while through stem segment direct shoot regeneration could 
be obtained on BAP (5mg/l) + NAA (lmg/1) and at lower 
concentration of NAA (0.2mg/l), only shoot buds were induced. Whilst 
through subcultured calli caulogenesis could occur successfully on 
BAP (5mg/l) + NAA (0.2mg/l) + Gla (50mg/l). 
In Cannabis sativa, direct caulogenesis was observed on BAP 
(2mg/l) + NAA (0.2mg/l) through stem segment, while through leaf 
and subcultured calli only shoot buds could be produced. Single 
cytokinin or auxin was ineffective, vyiiile NAA (0.5mg/l) + BAP (lmg/1) 
induced shoot bud formation through leaf explant and Kn (2mg/l) + 
BAP (2mg/l) + NAA (0.5mg/l) was found better for caulogenesis 
through subcultured calli. 
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6.6 Somatic embryo genesis 
The induction of somatic embryogenesis, differentiation and 
germination of embryoids has been investigated through subcultured 
calli on MS/2 medium fortified with various auxins or cytokinins 
singly or in combinations. The best response for somatic 
embryogenesis was obtained in Mentha arvensis followed by 
H. annuus, O. sanctum and B. juncea, while D. sissoo and C. sativa 
were devoid of embryogenic potentials. 
In Mentha arvensis a high frequency of somatic embryogenesis 
and subsequent germination of somatic embryos could be achieved on 
MS/2 + BAP (2mg/l) + NAA (0.5mg/l) and MS/2 + 2,4-D (lmg/1) + 
BAP (0.5mg/l). However, in Helianthus annuus addition of glutamic 
acid accelerates embryoid germination and the optimal response was 
noticed on MS/2 + BAP (lmg/1) + NAA (05mg/l) + Gla (50mg/l). 
MS medium with same hormonal regimes was ineffective for embryoid 
differentiation. Initiation of germination of embryoids was observed on 
the MS medium supplemented with 2,4-D (lmg/1) + BAP (0.5mg/l). 
Similarly, MS/2 + 2,4-D (2 mg/1) + BAP (0.5mg/l) gave better 
response in Ocimum sanctum for embryoid differentiation and 
subsequent germiantion. 
In Brassica juncea, a large number of embryoid differentiation 
was exhibited on MS/2 + 2,4-D (lmg/1) + BAP (0.5mg/l) but further 
germination of the embryoids could not be triggered. 
6.7 Rooting in microshoots and % acclimatization 
In Helianthus annuus and Brassica juncea 100 % rooting was 
induced in microshoots on medium containing two auxins in 
combination. Optimum response was noticed on NAA (1.5mg/l) + IBA 
(2mg/l) while in Dalbergia sissoo, the medium containing NAA (Img/ 
I) + IBA (1.5mg/l) was more effective and induced 70% rhizogenesis. 
In Mentha arvensis and Cannabis sativa 100% rooting response was 
noticed on IBA (2mg/l > lmg/1). The medium supplemented with NAA 
11 
(1.5mg/l) proved to be optimum and induced 90% rhizogenesis in 
Ocimum sanctum. 
Maximum acclimatization was achieved in Mentha arvensis 
(90%) followed by Cannabis sativa, Helianthus annuus and Ocimum 
sanctum (80%) and Brassica juncea (70%) while least success was 
noticed in Dalbergia Sissoo (30%). 
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Chapter - 1 
INTRODUCTION 
Plant tissue culture techniques have tremendous potentials for 
crop improvement and their conservation. This collection of 
techniques can be directed towards production of identical plants or 
to induce variability. Like any other area of science, it started as 
an academic exercise to answer some questions related to plant 
growth and development but proved to be of immense practical value 
as an aid to plant propagation, raising and maintenance of high health 
status plants, germplasm storage and a valuable adjunct to the 
conventional methods of plant improvement. Shoot tip clonal 
propagation has already been used to commercially propagate via 
cloning a large number of marketable ornamentals {See Oglesby, 
1978). 
Tissue culture techniques proved that the life originated from 
a single cell, means the living cells are totipotent. Actually the 
idea of totipotency was for the first time concieved by a great 
German Botanist Gottlieb Haberlandt (1902) although he was 
unsuccessful to prove his conception. After discovery of auxin and 
cytokinin the in vitro techniques emerged as a most reliable and 
potential tool for crop improvement and conservation. Hence, one of 
the significant contributions to the manipulative powers of modern 
biologist has been the development of cell and tissue culture 
techniques. 
Agriculture is the world's largest single industry and many 
aspects of modem biotechnology are now being applied increasingly. 
The human race is totally dependent upon plants and plant 
products for food, clothing and medicine. As the world's population 
continues to expand there must be continuous reassessment of 
agricultural practices to optimise their efficiency in the inelastic 
land area. To develop new disease resistant varieties to check the 
chemical hazards, which in terms would be cost effective to 
maintain the environment for better biological activities is only 
possible through in vitro techniques. In many parts of the world 
such as Europe and USA agriculture is a highly efficient industry 
and continues to demonstrate annual increase in productivity. They 
are well equipped to cope with the required plant's products for 
their nationals. In contrast many developing countries are still not 
self sufficient in food production and medicine due to many 
reasons such as lack of good agricultural practices, inferior quality 
of seed stocks and political instability. This can only be remedied 
when advanced nations would arrange training programmes and 
provide financial help. 
Restoration of ecological/environmental equilibrium and 
production of high yielding food and medicinal plants is of 
paramount importance. Multidirectional efforts have become 
imperative for conservation of our natural renewable sources, 
cultivation and conservation of multipurpose plant species through 
in vitro techniques constitute one such effort. Clonal propagation of 
favourable lines through in vitro culture of explants would facilitate 
breeding and crop improvement programme (Bajaj, 1986). An efficient 
plant regeneration system is also a prerequisite for genetic 
transformation studies using Agrobacterium tumefaciens (Horsch et 
a/.,1985a,b). 
One of the most important aspects of in vitro techniques is the 
aseptic clonal propagation, popularly called micropropagation, which is 
now becoming valuable aid in economically oriented activities. 
According to Murashige (1974) there are four areas in which 
application of plant tissue culture is possible, either presently or in 
near future: 
1. Production of pharmaceutical and natural products; 
2. The genetic improvement of crops; 
3. The recovery of disease free clones and preservation of valuable 
germplasm; and 
4. Rapid clonal multiplication of selected varieties. 
Chu (1992) presented an excellent summary of economic consideration, 
micropropagation and market demand of plants propagated through 
tissue culture. Axillary bud proliferation typically of trees results in 
an average ten-fold increase in shoot number during a monthly 
passage. In a period of six months it is feasible to obtain as many as 
one million propagules of plantlets, starting from single explant. 
During last few decades micropropagation techniques have been 
successfully applied in India for the production of novel traits of 
economically important plant species (Guha & Maheshwari, 1964, 
1966; Siddiqui, 1964, 1976; Chaturvedi, 1975; Chaturvedi et aJ., 
1977; Kartha et al., 1981; Gupta et al., 1984; Bhojwani, 1988; 
Sharma & Chaturvedi, 1989; Balachandran et al, 1990; Mathew & 
Hariharan, 1990; Bhojwani & Arora 1992; Chaturvedi & Jain 1994; 
Sarasen et al., 1994; Gulathi & Jaiwal, 1996; George & Kulkarni, 
1997; Tyagi & Kothari, 1997; Srivastava & Pande, 1998 and 
Shahzad & Siddiqui, 1999). Considerable success has been achieved 
in oil yielding plants such as B. campestris (Jain et al., 1988b; 
Narasimhulu & Chopra, 1988; Nanda- Kumar et al.. 1988), B. 
carinata (Narasimhulu et al., 1988 and Jain et al, 1998a), B. juncea 
(Sharma & Bhojwani, 1990; Sharma et al, 1991a,b and Shahzad & 
Siddiqui, 1996), Linum usitatissimum (Sarkar et al., 1985), 
Carthamus tinctorius (Terjovathi & Anwar, 1986 and Seeta & Anwar, 
1991), Jojoba (Chaturvedi & Sharma, 1989) and Helianthus annuus 
(Shahzad & Siddiqui, 1998, 2000). 
Inspite of advancement in synthetic chemistry 25% of drugs are 
still of plant origin. As a consequence many medicinal plants are 
threatend (Grout, 1988). Therefore to preserve these endangered 
species and bring them in cultivation practices so that they can be 
made available as and when required for the benefit for human 
race. Chaturvedi et al. (1977), Chaturvedi & Sinha (1979) &. 
Sharma & Chaturvedi (1989) successfully fulfilled the nations 
demand for providing required amounts of medicinal plant Dioscorea 
floribunda and D. deltoidea for the extraction of diosgenin an 
infertility drug for the use in family planning programme. In the last 
decade an upsurge in micropropagation of medicinal plants has been 
demonstrated (Bhat et al., 1992; Kavikishore et al., 1992; 
Chaturvedi & Jain, 1994; Remashree et al, 1994; Chand & Chand, 
1995; Krishnamurthy & Parabia, 1995; Pande, 1995; Saheeda Begum 
& Narmatha Bai, 1995; Sharma & Yelne, 1995; Abhyankar & 
Chinchanikar, 1996; AH et al, 1997; Gulati et o/., 1996a; Mishra, 
1996; Shahzad et al, 1997, 1999a,b,c; Kathiravan et al, 1998; 
Siddiqui et al, 1998; Srivastava & Pande 1998, Siddiqui & Shahzad, 
1999). 
The intricacies involved in the micropropagation of medicinal 
plants have been very competently elaborated periodically by 
Murashige (1978), Ammirato (1983), Flick et al (1985), Hussey 
(1986), Bajaj (1986), Whither and Alderson (1986) and Bajaj et al 
(1988). These reports established efficacy of the in vitro techniques 
that can profitably be utilized for the regeneration and temporal 
monitoring of metabolites in plants hitherto considered unsuccessful. 
Throughout the world there is an escalation in demand for 
wood-derived products and many major countries such as those of 
India, Japan and Europe are now in deficit. Forests have not had 
the extensive research and management bestowed on other cultivated 
tree crops. The long breeding cycle of most of the trees (5-20 yrs) 
as compared to herbaceous crop plants can well explain the lack 
of comprehension of their life cycle. However, biotechnology will 
play an important role in achieving an increase in the production as 
well as bringing major improvements to the quality of the trees. 
Tissue cul ture technology such as micropropagation, somatic 
embyogenesis, selection of somaclonal and gametoclonal variants 
and gene transfer are being developed to improve forests (Thomas & 
Murashige, 1979; Ahuja, 1987; Chalupa, 1987; Mascarenhas et al, 
1987; Kartha et al, 1988; Mohammed & Vidaver, 1988; Bapat & Rao, 
1989; Webster et al, 1990; McCown et al, 1991; Hossain et al. 
1994; Gupta & Srivastava, 1996; Jain & Chaturvedi, 1999 and Siddiqui 
& Shahzad, 1999). The world demand for wood in 2000 AD is 
expected to be 300 million metric tonnes as compared to 130 million 
tonnes in 1970. This drastic increase is primarily due to its 
increasing use as fuel and timber. In view of urgent need, 
micropropagation has far reaching implications in mass production, 
propagation and tree improvement programmes. By using this noval 
technique, a desired tree, selected on the basis of its past 
performance, may be vegetatively propagated and cloned at an 
enormously rapid rate, which by conventional methods of cutting, 
grafting and other silvicultural and horticultural practices may take 
years. 
During the last few decades micropropagation techniques have 
been successfully used for rapid and large scale propagation of 
economic trees like Albizia lebbeck (Gharyal & Maheshwari, 1981), 
Psidium guajava (Jaiswal & Amin, 1987), Azadiracta indica 
(Murlidharan & Mascarenhas, 1989 and Ramesh & Padhyay, 1990), 
Aegle marmelos (Hossain et ah, 1994; Varghese et a1., 1993), 
Anacardium occidentale (Das et al., 1996b), D. sissoo (Gulati & 
Jaiwal, 1996 & Das et al, 1997), Dalbergia latifolia (Murlidharan 
Rao & Lakshami Sita, 1996), Ziziphus mauritiana (Gupta & 
Srivastava, 1996), Sterculia urens (Purohit & Dave, 1996) and Melia 
azedarach (Siddiqui & Shahzad, 1999). 
Hence tissue culture technology is the most efficient and 
promising tool for the large scale micropropagation, production of 
new crop varieties, conservation of medicinal plants and for the 
improvement of forest and timber yielding tree species. 
Considering the feasibility of this novel technology, six plant 
species of economic importance have been selected for in vitro 
studies in the present investigation. Among six plants selected 
Helianthus annuus and Brassica juncea are important oil yielding, 
while Ocimum sanctum, Mentha arvensis and Cannabis sativa are 
most important medicinal plants and Dalbergia sissoo is an important 
timber yielding forest tree. 
1.1 Plant descriptions : 
1.1.1 Helianthus annuus (Linn.) 
Helianthus annuus commonly known as sunflower belongs to 
the family Asteraceae. It is an annual herb; cylindrical, strong, 
hairy stalk, 0.6-4.5m in height, leaves toothed 4-12" long, alternate, 
broadly ovate to cordate, roughly pubescent on both sides. The 
inflorescence is a head consisting of pistillage florets at the 
periphery and central hermaphrodite discflorets. The head is usually 
3-6" wide but attaining 12-24" width under cultivation. The 
inflorescence terminal on the main axis and branches, receptacles 
flat. Ovary strongly inferior with a single ovule. Fruit single seeded 
achene with pappus for air dispersal (Annonymous, 1952, 1956). 
Sunflower crop can be grown on any type of soil alkaline to 
sandy types, but acid soils are not suitable. It may be cultivated as 
rainfed or irrigated crop, as a mixed crop or pure crop. 
1.1.1.1 Oil and other chemical constituents : 
The seed kernel of sunflower contains albumin (15-32%), 
globulin (46-48%), glutelin (8-19%) and insoluble protein. The oil 
content of the seed range from 22-36%. It is one of the few oils that 
contain little or no linolenic acid and it can be used with advantage 
in manufacture of shortening of any desired consistency (Annonymous 
1952). 
Edible oil contains hydrocarbons, triterpenes, sterols, 
stigmasterol and P-sitosterol and sterol glucosides. Unrefind oil 
contains carcinogenic hydrocarbons, seed flour has phenolic 
substances and a glucoside of chlorogenic acid. Flower contains 
haemolytic glycosides, sterols, di-and triterpene alcohol, glycoside 
of triterpene acid and saponin helianthoside. Flower also contains 
neoxanthin, y-taraxerene derivatives, heliantriols and essential oil. 
Leaves contain depsides, and shoots triterpene alcohols (See Abdul 
Ghani, 1998). 
1.1.1.2 Uses : 
1.1.1.2.1 General uses 
The oil is used for cooking and in the preparation of salad. It 
is euqal to olive oil in nutritive value. Apart from its edible 
properties, sunflower oil has many commercial uses, such as in the 
manufacture of the paints, soap and cosmetics. It is reputed to be 
the most suitable oil for the treatment of shoddy in the wollen 
industry. Sunflower seed is a valuable poultr>' food. Sunflower cake 
is used as a cattle feed and manure. 
1.1.1.2.2 Medicinal uses 
Seeds are given in scorpion-sting, used as expectorant, diuretic 
and in the treatment of cold, cough and other laryngeal and also 
pulmonary infections and dysentry. Leaves are used in the treatment of 
malarial fever (See Abdul Ghani, 1998). 
1.1.2 Brassica juncea Czern & Coss : 
Brassica juncea (Brassicaceae) is one of the important oil seed 
crops in India. It is an herbaceous annual. Roots are slender and 
tapering. Stem is slender, branched, l-2m high. Leaves are lyrak, 
stalked and are about 15-30cm long. The inflorescence is a raceme. 
Flower are small, petals pale yellow, yellow or creamy coloured. 
Stamen tetradynamous, anther dehiscence introrse, ovary hypogynous 
bicarpellary syncarpous with parietal placentation. The fruit is siliqua 
1.25cm long. Seeds small, round brown or dark brown and non 
mucilaginous. 
Mustard is grown in India as Rabi crop and usually sown in 
middle of October to the biginning of November and mature in 
about 110-160 days (Annonymous, 1952). 
1.1.2.1 Oil and other chemical constituents : 
Mustard seeds contain 30-42% oil. It is placed between non-
drying and semi-drying oil. Mustard seeds contain a glucoside 
called sinigrin and potassium myrosinate. On hydrolysis under 
influence of enzyne myrosinase yields dextrose, essential (allyl-iso-
thiocynate) and potassium hydrogensulphate according to following 
reaction : 
X. NoSOj Hydrolysis 
Sinigrin ; CHL,=CHCR,C^ CH^ = CHCH^NCS 
S=gIucose Myrosinas Allyl-iso-thiocinate 
The pungency of mustard oil is due to this essential oil. The 
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chief component of the fatty acids of the oil of cruciferous plants is 
erucic acid. 
1.1.2.2 Uses : 
1.1.2.2.1 General uses 
The leaves of young plants are used as green vegetables. The 
chief use of oil in India is for edible purposes. The seeds and oil are 
used as a condiment in the preparation of pickles and for flavouring 
curries and vegetables. The oil is used for the manufacture of blown 
oil which is an oxidised and viscous oil. The oil cake is used as 
catlle feed and manure (Annonymous, 1952). 
1.1.2.2.2 Medicinal uses 
Seeds are emetic. Sushruta Samhita has enumerated the mustard 
use in may deseases of the head. Mustard oil alongwith rock salt is 
used as a dental solution in the deseases of gum. It also forms an 
ingredient in many Ayurvedic medicated oils used as liniment or a 
massage in many paralytic diseases of the nervous system. Powdered 
seeds are used as rubefacient, counter-irritant and vesicant and as 
plaster in gout, sciatica, urticaria etc. Poultice is used in fevers and 
inflammations. Leaves are digestive and stomachic {See Abdul Ghani, 1998). 
1.1.3 Ocimum sanctum Linn. 
Ocimum sanctum (Lamiaceae) is an important medicinal plant 
commonly known as holy basil planted as a sacred plant by 
Hindus in all part of India. It is an errect soft hairy herb annual, 
30-75cm high found throughout India. Leaves ovate or elliptical 
oblong, entire, serrate or dentate. Flowers purplish or crimson in 
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receme closely whorled, calyx 2 lobed, corolla hardly longer than 
calyx, pale purple. Inflorescence verticellaster. Fruit forming 4 dry 
nutlets. 
1.1.3.1 Oil and other chemical constituents : 
The plant produces secondary metabolites particularly steroids, 
alkaloids, glycosides, flavonoids, saponin, citric acid and it also 
contains ocimene, eugenol, D-pinene, D-limolene, Terpenolene and 
D-camphor (Annonymous, 1952). 
1.1.3.2 Uses : 
1.1.3.2.1 General uses 
The plant is used as pot herb and grown in courtyard and 
temples as a sacred plant. Leaves are used as condiment in salads 
and other foods. It inhibits the in vitro growth of Mycobacterium 
tuberculosis and Micrococcus pyogenes var. aureus. It has marked 
insecticidal activity against mosquitoes (Annonymous, 1952). 
1.1.3.2.2 Medicinal uses 
The herb is expectorant, stomachic, diuretic, antiseptic and 
cardiac stimulant, its decoction is given in cough, catarrah and 
bronchitis. The leaves are expectorant, stomachic, stimulant, 
antiperiodic, anticatarrah, diaphoretic and aromatic. Their decoction or 
infusion is given in malaria, gastric diseases of children and lever 
disorder. It is also used to check vomiting and anthelmentic. The 
decoction of root is given as a diaphoretic in malarial fevers. The 
seeds are mucilaginous and demuleent and are given in disorder of 
genito-urinary system (See Abdul Ghani, 1998). 
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1.1.4 Mentha arvensis Linn. : 
Mentha arvensis (Lamiaceae) is an important medicinal as well 
as oil yielding plant. It is a downy perennial hairy or glabrous herb, 
60-90cm high, found throughout temperate North Asia upto the 
Himalayas and in Europe. Leaves 2.5-5cm long, shortly petioled or 
sessile, oblong-ovate or lanceolate, obtusely or acutely serrate, sharply 
toothed. Inflorescence in loose verticillasters in rather distant nodes. 
Plant is propagated by rooted suckers taken from old vigorous plants. 
It thrives well in sandy or loamy soil rich in humous. 
1.1.4.1 Oil and other chemical constituents : 
Leaves yield an essential oil containing chiefly d-isomenthone 
and palegone. The oil also contains small amount of d-carvane, 
carene, linalool, d. sylvestrene, citronellol and menthofuran. The 
plant is rich in protein, amino acids and minerals. In addition to 
menthol, which is main constituent, the oil contains methylacetate, 
menthone and minor amount of piperitone, a-pinene, camphene, 
caryophyllene, phenyl acetate, a,p-hexenic acid and other free and 
esterified fatty acids (See Abdul Ghani, 1998). 
1.1.4.2 Uses : 
1.1.4.2.1 General uses 
It is used for production of natural menthol, used for flavouring 
purposes, mouth washes, tooth pastes and pharmaceutical preparations. 
1.1.4.2.2 Medicinal uses 
Aerial part of the plant is refrigerant, stomachic, carminative, 
stimulant and diuretic. They possess antispasmodic and emmenagogue 
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properties, and are also given to stop vomiting and treat jaundice. The 
oil is valuable antineuralgic (See Abdul Ghani, 1998). 
1.1.5 Cannabis saiiva L. 
Cannabis sativa (Cannabinaceae) is a medicinal herb. The 
genus Cannabis contains only one species Cannabis sativa L. 
popularly knwon as Bhang. It is found mostly in north India. It is 
an erect branched annual plant. The plant is unisexual. It has 
serrated fine segmented leaves, stipules lateral, anther oblong, ovary 
sessile, ovule pendulous. Fruit a some-what compressed crustaceous 
nut. Seed flattened. It requires a mild humid climate and rich 
loamy soil with an abundance of humus (Annonymous, 1952, 1956). 
1.1.5.1 Oil and other chemical constituents : 
Principle constituents of the flowering tops of the pistillate 
plant, which are medicinally used, is a resin which contains more 
than 60 cannabinoids. Some of the active compounds are 
cannabinol, pseudocannabinol, tetrahydracannabinol, cannabidiol, 
cannabigerol, cannabol, cannabinin, cannin, piperidine and 
cannabichromene. The plant also contains volatile oil, alkaloids, 
choline, trigonelline, spermidine and cannabisativine and flavonoid 
glycosides of vitexin and orientin. Roots contains steroids, 
triterpenes and omides, P-sitosterol, friedelin and epifriedelinol, 
carvone and dihydrocarvone and a basic substance (See Abdul Ghani, 
1998). 
1.1.5.2 Uses : 
1.1.5.2.1. General uses 
Hemp is used for rope, twine, carpets, sail cloth, yatch cardage, 
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sinder twine, sacks, bags and webbing. Hemp waste and wood fibres of 
the stem are sometime used in making paper (Annonymous, 1952). 
1.1.5.2.2 Medicinal uses 
The plant possesses strong narcotic properties, antispasmodic, 
anodyne, sedative, aphordisiac and stimulant properties. Leaf juice 
removes dandruff and vermin, reduces the discharge in gonorrhoea 
and diarrhoea. Poultice of leaves is applied to inflammations, 
neuralgia and haemorrhoids. Resinous extracts of the flowering top 
produces sleep, prevents and cures headache, migraine, neuralgia 
and is useful in acute mania, asthma and whooping cough. It also 
relieves pain of dysmenorrhoea, menorrhagia and phthisis. Seed oil 
is used in rheumatism. Cannabis is also used in cancer 
chemotherapy. For those suffering from multiple sclerosis, celebral 
palsy and other muscular illness Cannabis can reduce neurological 
overactivity and muscle spasm. The plant provides effective treatment 
for glaucoma. The seed is used in Chinese medicine as strong but well 
tolerated luxative, especially for constipation in the elderly (See Abdul 
Ghani, 1998). 
1.1.6 Dalbergia sissoo L.: 
Dalbergia sissoo is a deciduous tree, attains a height of about 
100 ft. The colour of bark is grey. Young parts downy. Leaflets 3-5, 
alternate, obliquely ovate, accuminate, firm. Inflorencence is panicled 
racemes which is much shorter than leaves, branches densely 
pubescent. Calyx 1/6 inches shorter than the tube, corolla yellowish 
white twice the calyx. Stamen 9. Ovary pubescent. Pod strap shaped, 
narrowed below into a stalk, 2-3 seeded (Annon>Tnous, 1952). 
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1.1.6.1 Oil and other chemical constituents : 
The heartwood yield 5.35% of a light brown highly viscous 
fixed oil, which on cooling becomes almost solid. The oil belongs 
to non drying class. The component of fattly acids are myristic 
5.56%, palmitic 21.79%, stearic 24.33%, arachidic 19.37%, linoleic 
10.81% and oleic 9.40%. Leaves contain mucilage and isoflavone, 
sissotrin. Flower contain dimethyl tectorigenin. Green pods contain 
mesoinositol, methyletectorigenin and its glycoside. Mature pods 
contain isocaviunin, tectorigenin, dalbergin, biochanin A., 
hydroxymethyl coumarin, glycosides of tectoregenin. Stem bark 
contains dalberginone, dalbergin, methyl dalbergin and 
dalbergichromene. 
1.1.6.2 Uses : 
1.1.6.2.1 General uses 
In durability, adaptability to treatment and working qualities, 
sissoo wood resumbles Indian rosewood. Sissoo is high class furniture 
and cabinet wood widely used throughout north India. On account of 
its great strength, elasticity and durability it is highly valued as 
constructional and general utility timber and is used for railway 
sleepers and many more house hold things. Carefully selected and 
manufactured sisso plywood logs used for air crafts. The oils is used 
as lubricant in heav>' machines (Annonymous, 1952). 
1.1.6.2.2 Medicinal uses 
The leaves of sissoo are bitter and stimulant. A decoction of 
leaves is said to be useful in gonorrhoea. The leaf mucilage mixed 
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with sweet oil is applied in excoriations. The roots are astringent and 
the wood is useful in cutaneous infections. Extract of wood raspings is 
alternative and useful in leprosy, boils and eruptions. It also allays 
vomitting {See Abudl Ghani, 1998). 
Thus considering the importance of //. annuus, B. juncea, O. 
sanctum, M. arvensis, C. sativa and D. sissoo the present 
investigation was undertaken to : 
1. micropropagate through different explants. 
2. develop an efficient protocol for callus initiation from different 
explants. 
3. evaluate the growth pattern of the calli on various hormonal 
regimes. 
4. understand the cytodifferentiation signalling in calli by various 
phytohormones. 
5. study the rhizogenic potentials of different explants. 
6. select the best suited media for direct and indirect caulogenesis 
through various explants. 
7. standardize reliable protocol for efficient somatic embryogenesis 
through subcultured calli. 
8. evaluate the optimal medium for rooting in the regenerants. 
9. acclimatize the in vitro raised plants in the field conditions. 
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(1959)and Steward (1958). Later, Maheshwari and his co-workers 
became actively ingaged in in vitro technique in 1960s, and achieved 
land mark by raising haploid plant through anther culture of Datura 
inoxia (Guha & Maheshwari, 1964, 1966). 
Later in vitro techniques gained unabatable recognition in plant 
sciences for successful micropropagation, for conservation and 
improvement of plant species. A large number of plant species have 
been investigated all over the world, of which the review on some 
important investigations is categrised under following heads : 
2.1 LEAF CULTURE 
Hildebrandt et al. (1946) and Hildebrandt and Riker (1947) for 
the first time reported the growth of excised leaf tissue of tobacco 
and sunflower under the influence of varying composition of media. 
Ricker and Gulsche (1948) investigated the effects of various organic 
and inorganic nitrogen sources on growth of sunflower tissue in vitro. 
Frank et al. (1951) compared the growth of tobacco and sunflower 
tissues on synthetic media containing various nitrogen sources. The 
nutritional requirements of normal to habituated callus tissue in 
sunflower were investigated by Henderson (1954). Developmental 
process of leaf primordia to maturity was studied by Steeves et al. 
(1957) on media augmented with vitamin A,B, CM, CH or auxin and 
observed normal growth in leaf, but reduced in size. Henderson 
(1958) studied the effect of GA3 on the culture of sunflower 
habituated and tumer tissues. 
Considerable work has been done in seventees and onwards to 
standardize protocol for organogenesis in a large number of plant 
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species and a great success has been achieved regarding shoot 
regeneration from leaf explants in tomato (Padhmanabhan et al., 1974; 
Behki & Leskey, 1976; Stringam, 1979; Gunay and Rao, 1980; Kut 
et al, 1984; Rifiqueuddin et al, 1988; Chandra et al, 1995 and 
Geetha et a]., 1998), Brassica sps. (Danwell, 1981 and Chen & 
Adachi, 1994) Panax ginseng (1968), Crepis capiUaris (Yoneda, 1969; 
Jayankar, 1971), Brassica oleracea (Lustinee and Horak, 1975; Horak 
et al 1971), Echeveria elegance (Raju and Mann, 1970), Lunaria 
annua (Pierik, 1967), Atropa belladona (Zenkteler, 1972; Thomas & 
Street, 1972). Greco et al (1984) obtained callus followed by shoot 
regeneration from leaf explant of sunflower. Later, Paterson & Everett 
(1985), Lupi et al (1987) and Witrzens et al (1988) also obtained 
similar results in sunflower. 
Punia and Bohorova (1992) cultured different explants of six 
wild species of HeJianthus annuus and found that among various 
explants tested leaf explants produced maximum number of 
plantlets. Embryogenesis from leaf derived cal lus in Vitiveria 
zizanioides was reported by Macciarelli et al (1993) and Pennisetum 
americanum & P. americanum X P. purpureum (Vasil & Vasil, 1981). 
The high efficiency of plant regeneration from excised leaves of 
in vitro grown seedlings was documented by several workers 
Mroginski et al., 1981; Seitz et al, 1987; Cambecedes et al, 1991; 
Kulkami et al, 1992; Punia and Bohorova, 1992; Van Altovorst et al, 
1992; Wofford et al, 1992; Arrillaga and Merkle, 1993; Laine and 
David, 1994; Berger and Schaffner, 1995; Economon and Maloupa, 
1995), but a comparative study in Garcinia mangos tana conducted by 
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Goh. et aJ., (1994) showed that regeneration potential of leaf explant 
excised from in vitro grown seedlings (at shoots per explant) was 
inferior to in vivo grown plants (45 shoots per explant). 
Direct shoot regeneration from leaf explant cultured on media 
supplemented with the hormonal combination of BA and NAA was 
reported by several workers (loannou, 1987; Pandey & Bansal, 1992; 
Hammat, 1993 and Lee et al, 1994), while on the same hormonal 
combination some plants exhibited organogenesis through mediated 
callus from leaves (Meijer & Broughton, 1981; Narasimhulu & Reddy, 
1983; Angeloni et al 1992; Li et al, 1992 and Arrillaga & Merkle, 
1993). 
Addition of 2,4-D alongwith cytokinin enhanced callus 
production (Narasimhulu & Reddy, 1983; Epen et al, 1986; Kumar & 
Bhavanandan, 1989; Kraic et al, 1994 and Alagumanian et al, 1998), 
but induction of shoot regeneration was reported by Araki et al 
(1995) in Armoracia rusticava. Synergistic effects of other auxin 
(lAA & IBA) alongwith cytokinin were also tested for regeneration of 
shoot by Kumar & Bhavanandan (1989) in Plumbago rosea. Radiance 
(1992) in Actinidia chinensis and Arrillaga and Merkle (1993) in 
Robinia pseudoaccacia. 
The morphogenetic potentials of leaf tissues depand on the age 
and size of the leaf. Rhizogenesis in excised young leaves occured 
earlier than caulogenesis, whereas older leaves exhibited the reverse 
phenomenon (Raju & Mann, 1970). Mroginski et al (1981) cultured 
immature leaves in vitro which developed shoot buds and eventually 
plantlets. Regeneration of shoot occurred more often from distal end 
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of mature leaves than from proximal parts (Mohammed Yaseen and 
Splittstoesser, 1995). 
The explants, smaller in size do not respond to culture 
conditions. According to Davies and Dale (1979) the leaves of 
Solarium laciniatum smaller than 2 mm in diameter did not servive 
whereas, 5-10mm diameter responded well. 
Gomez (1995) reported that in Juniperus oxycedrus, 
regeneration potential from mature leaf explant mainly depends on 
the ratio among the level of ammonium nitrate and potassium and 
evaluated that the most favourable media formulation for 
regeneration were those with nitrate-potassium, ammonium-potassium 
and nitrate-ammonium in the ratio of 1: 0.1 and between 9:15 
respectively. Whereas Frett and Dirr (1986) studied in Petunia 
hybrida, that when the leaves taken from a plant fed with higher dose 
of nitrate produced highest number of shoots and reverse effect was 
noticed when the explant was taken from plant fed with higher dose 
of calcium. 
2.2 Stem Culture : 
Clonal propagation of plants in vitro was started as a result of 
observation made by Morel (1960) and Moral and Muller (1964) 
during culturing of virus free orchids. The significant achievements in 
vitro cloning have been made in herbaceous plants (Bhojwani, 1980a,b; 
Kartha et al., 1981) followed by few medicinally important paints. 
Micropropagation has been extended to forest, fruit trees and oil 
yielding plants etc. Clonal propagation through culture of shoot tips, 
axillary buds and nodal segment ensures faithful production of 
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genetically identical clone (Quak, 1977 and Walkey, 1978). 
Shoot multiplication through shoot tip culture of H.annuus has 
been successful. Hendrickson (1954) cultured Helianthus annuus 
shoot tips with or without cotyledons and reported that whole plant 
developed and flowered within 3 months. Trifi et al. (1981) 
developed a method for shoot multiplication of two varieties from 
in vitro grown shoot's nodal segment. Paterson (1984) developed a 
process for multiple shoot regeneration through half shoot tip 
culture on media supplemented with 0.1 to lmg/1 BA or Kn. 
Addition of GA^ with or without cytokinin in the medium showed 
shoot multiplication and flowering in sunflower in vitro (Paterson, 
1984 and Lupi et al., 1987). Similar response was also documented 
by Chaturvedi and Jain (1994) in Digitalis purpurea. They showed 
that presence of GA^ in the medium played an important role for 
regeneration potential of 2 year old culture, even in the presence or 
absence of Kn. Similar effect of GA^ was studied by Sardana et al. 
(1998) in Jatropha curcas. 
Several genotypes of sunflower examined by Witrzens et al. 
(1988) showed that 3 mg/1 BAP was optimum. In several cases plant 
regeneration was genotype dependent (Power, 1987 & Pelissier et al., 
1990). Effect of BAP and NAA combination were tested by several 
scientist for multiple shoot regeneration (Kevers et al., 1983; Lee, 
1985; Griga et al, 1986; Hiraoka & Ovanagi, 1988). 
Regeneration potential of Brassica sps. has been reported by 
Julliard et al. (1992); Klimaszewska and Keller (1985) and Dale & 
Ball (1991). Plants were regenerated from shoot tip explants of 
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Carthamus tinctorius (George & Rao, 1982; Tejovathi & Anwar, 1986 
and Seeta & Anwar 1991). They reported that the regeneration 
potential is genotype dependent. Shoot multiplication was achieved in 
Jojoba {Simmondsia chinensis) on modified SH (1972) medium 
containing auxin and cytokinin (Chaturvedi & Sharma, 1989) through 
axillary bud culture. They reported that lowering of cytokinin in the 
medium allowed continuous shoot proliferation during sub cultures. 
High level of cytokinin favoured greatest shoot regeneration in 
Sesamum indicum (George et aL, 1987) whereas in Annona 
cherimola Mill and Annona squamosa (Rasai et aL, 1994) increase 
in Kn level increased the number of shoot and fresh weight, but 
increase in BAP level above 2mg/l decreased the number of buds, 
length of shoots and fresh weight, as reported by Kantharajah and 
Dodds (1990) in Passiflora edulis. Hormonal combination of BA & 
NAA proved best in many medicinal plants in recent studies by Li & 
Liu (1992) in Atractylodes macrocephala, Madhavan & Balu (1987) in 
Solanum triJobatum, Pisipati et a1. (1993) in Cephaelis ipecaevanha, 
Raut & Das, (1993) in Madhuca longifolia, Sarasen et al. (1993) in 
Piper longum, Sharma et al. (1993) in Gentiana kurroo and Castillo 
& Jordan (1997) in M. andina. Effect of BA only on culture 
condition for multiple shoot regeneration from shoot tip/nodal 
segment was also reported by several workers (Ahmad & Pande, 1988 
a,b; Kulkami et al. 1992; Thou et al. 1992; Mao et al. 1995 and 
Hazarika et al, 1995). 
Clonal propagation of papaya in vitro t h rough cul ture of 
shoot tip and lateral branches has been successful (Rajeevan 
& Pandey, 1986) while in Beta vulgaris floral stalks and axillary 
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buds were well suited for micropropagation (Ranalli et ai, 1986). 
Isolated shoot tips and buds from trees and woody perennials 
have proved difficult material to culture in vitro as they very often 
release phenolic substances into the growth medium which inhibits 
growth of apical meristem. Juvenile shoot apices of woody plant 
produce multiple shoots but rooting is difficult. Induction of multiple 
shoot from excised shoots tips from in vitro germinating seedlings of 
Dalbergia latifolia has been reported (Rai & Jagadish Chandra, 
1988). However, cloning of mature tree is generally preferred over 
seedling explant because it is often not possible to determine whether 
the embryos or seedlings have the genetic potential to develop the 
desired quality later in their life cycle (Bonga, 1977). 
Differentiation of multiple shoots from shoot tips of different 
leguminous sps. has been well documented by several workers (Kartha 
& Gamborg, 1978; Cheng et al., 1980; Sebastian, 1983; Mante et 
al.. 1989; Griga & Hejtmank, 1990; Kothari et ai, 1991; Sharma & 
Kothari, 1991; Rahman et ai, 1993 and Kaur et ai, 1998). 
Efficiency of BA in inducing multiple shoots was reported in 
several legumes (Mroginski & Kartha,1981; Gharyal & Maheshwari, 
1983, 1990; Roy & Datta, 1985; Jaiswal & Amin, 1987; Tetu et ai 
1987; Malik & Saxena, 1992; Philomena, 1993; Adult, 1994; Brandt 
& Hess, 1994 and Gupta & Srivastava, 1996). BA plus NAA proved 
better cytokinin & auxin combination for multiple shoot regeneration 
in several woody sps. as reported by Ahlawat (1997) in Albizia 
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procera and Kaur et a]., 1998; in Accacia Senegal. Ahlawat (1997) 
reported that ratio of BAP to NAA/IBA when high, relatively higher 
number of shoots developed as the ratio of NAA/IBA to BAP 
increased, the shoot per explant decreased and favoured callusing as 
well as rooting. 
The inorganic salt composition makes an influence not only on 
the magnitude of the response evoked by the growth regulator, but also 
on kind of response. This as well as certain other parameters played 
an important role in optimizing and standardizing the methods of 
micropropagation in some recalcitrant plant sps. (Chaturvedi, 1984; 
Pack et ah, 1993; Declerek & Schugler, 1994 and Mathur et ah, 
1995). 
Portion and position of the stem explants was studied by Yu et 
al. (1986) in grape vine. They reported that adventitious shoot 
production and servival was greater in explant from axillary shoot tips 
than those from terminal position. Similarly explants from shaded 
shoot tips produced more shoots than those that had grown in full 
sun. Explants from weak shoot tips had a higher survival rate than 
those from vigorus shoot tips and also demonstrated that effect of 
position, light and vigour were independent. 
2.3 Root Culture : 
Morphogenetic studies through root culture were under taken for 
the first time by White (1934), v^ho cultured tomato roots on 
artificial medium to study the virus multiplication and their 
elimination which led to the fundamental discovery that vitamin B^ 
and Bg are the root growth factors (Robbins & Bartley, 1937, 1939). 
Norton and Ball (1954) cultured the excised roots of L. peruvianum 
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on White's (1934) medium. Callusing was obtained in roots of several 
plants on 2,4-D alongwith other auxins or cytokinins supplemented 
media (Skolmen & Mapes, 1976; Scowcroft & Adamson, 1976; Bharal 
& Rashid, 1981 and Meijer & Broughton, 1981). Whereas Taraxacum 
officinale (Bowes, 1970) needed only lAA for callusing and 
Pterotheca falconeri callused on lAA and CM supplemented media. 
Colijn et al. (1979) reported that Petunia hybrida callused and 
regenerated on NAA and BA combination, while Crambe maritima 
(Bowes, 1976) needed lAA, Kn and CM supplementation for similar 
type of response. Morphogenesis from intermediate callus of Acacia 
koa (Skolmen & Mapes, 1976) and Alhagi camelorum (Bharal & 
Rashid, 1981) was achieved on BA only but in Brassica alboglabra 
(Wong & Loh, 1988) regeneration occurred directly from the explant 
on the same medium. Whereas, NAA and BA or Kn was necessary in 
Traxacum officinale (Bowes, 1970) and Stylosanthes guyanensis 
(Meijer & Broughten, 1981) respectively. Mehra and Mehra (1971) 
reported that in Pterotheca falconeri callus differentiated into shoots 
on medium supplemented with lAA only while Stylosanthes hamata 
responded to Kn supplemented medium (Scowcroft & Adamson, 1976). 
Chaturvedi and Sinha (1979a) and Chaturvedi and Sharma (1990) 
studied that the root explants of Solanum khasianum differentiated 
into shoot bud on nutrient agar and a shift from caulogenesis to 
embryogenesis occurred when the explants were submerged into liquid 
medium. Hence they demonstrated that a transitory stage of shoot bud-
embryoid was established with the alteration in hydration of agar gel, 
with the same medium and hormones. 
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Genotypic effects were studied by Moore (1986) in three root 
stocks of Citrus and reported that shoot induction varied greatly on 
media supplemented with BA and NAA and also demonstrated that if 
the cultures were left for longer time NAA played inhibitory action 
on shoot regeneration. Kantharajan et ah (1992) suggested that BA 
and NAA combination was best for caulogenesis through root culture 
of Averohoa carambola and the regeneration efficiency persisted even 
after subculturing on same medium. Similar response was also 
reported by Georges et al. (1993) in Lonicera japonica and Haque 
(1997) in garlic, whereas superiority of BA over Kn was 
established in Aegle marmelos (Bhati et al., 1992). However, Fukai et 
al. (1991) reported that in Praire gentia shoot regeneration occurred 
when the explants was transferred from NAA supplemented media after 
incubation of 40 days to hormone free media. 
2.4 Cytodifferentiation : 
In the area of cytodifferentiation in vitro as well as in vivo the 
main emphasis has been given on vascular differentiation, particularly 
the tracheary elements. Torrey and co-workers (1966 & 1969) have 
done considerable work on the control of the pattern and the extent 
of differentiation in excised organized roots. 
Kohlenbach and Schmidt (1975) observed that mechanically 
isolated mesophyll cells of Zinnia elegans differentiated into 
tracheary elements (TEs) without cell division when cultured on a 
suitable medium. The Zinnia system was further improved by 
Fukuda and Komamine (1980a,b) and Church and Galston (see Church, 
1993) , who achieved relatively synchronous differentiation of a high 
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percentage (50-60%) of cells within 72h. Since then Zinnia cells have 
been extensively used as model system to uderstand the process of 
tracheary element differentiation. 
Fukuda and Komamine (1983) have shown that under inductive 
conditions TEs differentiation from mesophyll cells of Zinnia, 
synthesis of two proteins is shut off and two new polypeptides appear 
(within 48-60h of culture) before any detectable morphological change 
in the mesophyll cells. These novel proteins can be regarded as 
biochemical markers for TEs differentiation. 
Fosket and Torrey (1969) reported a stimulatory effect of 
cytokinin on xylogenesis in cotyledonary callus culture of soybean. 
The observation of Mizuno et at. (1971, 1978) and Mizuno and 
Komamine (1973) with cultutred root slices of carrot also suggest the 
involvement of auxin in the differentiation of TEs. 
In mesophyll cell cultures of Zinnia, maximum 
differentiation of TEs occures within a narrow range of both auxin 
and cytokinin suggesting that absolute concentration of the two 
hormones in the culture medium is more important than auxin/ 
cytokinin ratio (Fukuda & Komamine, 1980a; Church & Galston, 1988; 
Lin & Northcote, 1990). Jeffs and Northcote (1967) tested a variety 
of sugars in presence of an auxin and observed that besides sucrose, 
the disaccharides maltose and trihalose were effective in stimulating 
TEs differentiation in Phaseolus callus, while other monosaccharides 
are ineffective. 
Several workers had reported that a cell must divide before the 
differentiation of TEs (Fosket, 1968; Torrey, 1971 and Torrey et al, 
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1971). This conclusion is based on some in vitro observations (Fosket, 
1968, 1970; Fosket & Torrey,1969; Torrey & Fosket, 1970). In vivo 
procambium, from which the primary xylem and phloem are derived, 
usually exhibits continued division. This is also true of the secondary 
vascular tissues which are contributed by the meristematic cells of 
vascular cambium. But some resent studies clearly show that cell 
division is not always a prerequisite for TE differentiation in cell 
culture of Centaurea cyamis raised by Bergmann's technique of cell 
plating, Torrey (1975) observed that some of the single 
parenchymatous cells differentiated directly into TE without a 
preceding cell division. Similar observation was also made by Turgeon 
(1975) and Fukuda and Komamine (1980a,b). Whereas more recently 
it was reported that in Citrus limon juice vesicles cell division is 
prerequisite for cytodifferentiation (Khan & Chauhan, 1999). 
2.5 Organogenesis : 
The morphogenetic signals set up the conditions which may 
allow competent cells to under go differentiation programme. The 
cells must be able to undergo differentiation (Gautheret, 1966) and 
have cellular interaction (Street, 1976), which resulted into 
meristemoid formation or a proembryonic cells cluster. Thorpe (1982) 
documented that histological studies revealed many features common 
between organogenic and embryogenic tissues. Organogenesis may be 
directly from explants (Tran Thanh Van, 1980) or indirectly by means 
of callus induction (Hicks, 1980). Adventitious shoot formation 
directly from the explant is definitly a better approach than the callus 
method for clonal propagation of plants (Hussey, 1976; Krul and 
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Myerson, 1980) but somaclonal variants have also been detected in 
plants regenerated directly from explant in Potato (Cassells et al., 
1983) and Brassica juncea (Bhojwani & Arora, 1992). 
Most legumes have higher propensity for root formation than 
for shoot formation as reported in Psophocarpus tetragonolobus 
(Bottino et al., 1979), Glycine max (Evans et al., 1976) and 
Phaseolus vulgaris (Haddon & Northcote, 1976). Scowcroft and 
Adamson (1976) reported that in Stylosanthes hamata root formation 
occurs prior to shoot regeneration, but difficulty in root regeneration 
has been reported in TrifoUum pratense (Phillips & Collins, 1979) 
and Lathyrus sativus (Mukhopadhyay & Bhojwani, 1978). 
Progressive decline in shoot regeneration was reported with the 
increase in the age of the callus (Negrutiu & Jacobs, 1978a,b). Punia 
and Bohorova (1992) studied that in six wild species of sunflower 
organogenesis was genotypic as well as explant dependent. The highest 
regeneration was obtained in stem derived callus of H. nuttallii 
followed by H. divaricatus and H. pracecox while callus obtained 
from bud explant of H. mollis gave very poor result and through leaf 
derived callus organogenesis was obtained in H. pracecox. Paterson 
and Everrett (1985) also pointed out that in sunflower organogenic 
potential is under multigenie control with incomplete dominance of 
gene. Similar response was documented by YU (1989) in Beta 
vulgaris, sunflower (Samaj et al., 1994) and Cyclamen persicum 
(Hoffmann & Preil, 1988). Type of the explant used for organogenesis 
was also investigated by Dornelos and Maria (1994) in Pasiflora 
edulis. They reported that direct organogenesis occurred from leaf 
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explant on BA + coconut milk supplemented MS medium, while 5mm 
long shoot apex taken from different Passijlora sps. regenerated shoot 
on 1/2 strength MS medium devoid of growth regulators. Similar 
results were obtained in Azadirachta indica (George & Kulkarni, 
1997). 
Complex growth hormones and regulators were required for 
organogenesis from leaf derived callus of sugar beet (Slavova, 
1981) whereas many plant species easily undergo organogenic phase 
if the excised explants are placed on media supplemented with BA and 
NAA combination (Meijer, 1982; Kerby, 1986; Ozcan et al., 1992; 
Pandey et al., 1992; Turgut, 1994; Reza et al., 1995; Gulati & 
Jaiwal, 1996; George & Kulkarni, 1997; Harikrishnan et al., 1997; 
Teo et al., 1997 and Geetha et al., 1998). Some plants require higher 
level of BAP alongwith NAA as in Brachycome ibendifolia (Kerby, 
1986), Wightii varlongicanda (Pandey & Bansal, 1992), Brassica rapa 
(Teo et al., 1997); and Lycopersicum esculentum (Geetha et al., 
1998), whereas equal amount was needed by Dalbergia sissocnode 
segment culture (Gulati & Jaiwal, 1996) and seedling hypocotyl 
culture of Stylosanthes humilis (Meijer, 1982). MS medium 
supplemented with BA (2mg/l) alongwith NAA (0.5mg/l) was the best 
combination for organogenesis from cotyledon in Brassica napus 
(Turgut et al., 1994) and from hypocotyl in Albizia lebbeck (Reza et 
al., 1995). Harikrishnan et al. (1997) reported that very low level of 
BAP (0.5mg/l) and NAA (0.05mg/l) was most effective for 
organogenesis in Acorus calamus and Ozcan et al. (1992) got highest 
regeneration potential on higher supplement of NAA (4mg/l) with BAP 
(0.5mg/l) from immature pea cotyledons. 
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Walker et al., (1978) reported that exogenous auxin or 
cytokinin may be sufficient to bring about organogenesis in 
Medicago sativa. The higher level of 2,4-D and low level of Kn 
resulted differentiation of shoot from callus, while the reverse 
favoured root differentiation. Whereas, Rajasubramaniam and Saradhi 
(1994) reported that higher level of BAP incombination with 2,4-D or 
NAA favoured adventitious shoot differentiation in Phyllanthus 
fraternus, while equal concentration of both resulted in rhizogenesis, 
and also demonstrated that if casein hydrolysate was added to the 
medium containing higher level of 2,4-D and low BAP further 
enhanced shoot regeneration. 
In DaJbergia sissoo (Chauhan et al, 1996) both BAP and Kn 
alongwith IBA were essential for bud break. However, Wong and Loh 
(1988) reported increase in number of shoot regeneration in Brassica 
alboglabra on medium containing both BAP and Kn. Inclusion of BA 
alongwith lAA in the culture medium favoured root growth and shoot 
morphogenesis in Citrus aurantifolia (Bhat et al., 1992) and 
Hamidesmus indicus (Sharma & Yeln, 1995), while Bajaj and Nietsch 
(1975) reported that higher concentration of lAA alongwith cytokinin 
was ineffective for plant regeneration in cabbage. However combination 
of NAA and Kn is necessary for organogenesis in Brassica 
alboglabra {Zee & Hvi, 1977 and Zee et al., 1978). Barna and 
Wakhlu (1994) used BAP and IBA combination for the induction of 
organogenesis in Cicer arietimim. In Cucumis melo combination of 
Kn and lAA was the best for organogenesis (Moreno et al., 1985) 
and presence of BA only in the medium was sufficient for 
organogenesis in Brassica napus (Kartha et al, 1974; Thomas et al.. 
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1976 & Stringam, 1979), Chrysanthemum (Guan et al, 1982), 
Brassica campestris (Singh et al., 1981) and in Elaeagnus 
angustifolium (Economou & Maloupa, 1995). Kartha et al. (1976) 
reported that GA^ was necessary for plant regeneration in Brassica 
napus otherwise green callus only was induced and organogenesis 
could not be achieved. 
2.6 Somatic Embryogenesis : 
The earliest contribution on somatic embryogenesis is that of 
Daucus carota (Reinert, 1958, 1959; Steward, 1958). Since carrot is 
well known for its potential of farming somatic embryos this abihty is 
exploited to study the effects of exogenous compounds on somatic 
embryogenesis (Terzi et al, 1985; Smith & Krikorian, 1990; Molle et 
al., 1993 and Zimmerman, 1993). 
Konar and Natraja (1965, 1969) studied the embryogenic 
potentiality of Ranunculus sceleratus and reported that within 3 weeks 
embryos originate from the peripheral as well as deep seated cells of 
the callus which developed into plantlets when planted on a fresh semi 
solid medium. A high number of somatic embryos were developed on 
the stem surface of in vitro raised plantlets (Konar & Natraja, 1965, 
1969). Direct embryogenesis from intact epidermal cells also occurred 
in the cultures of hypocotyledonary segments and their superficial 
peels in carrot (Kato & Takeuchi, 1966 and Kato, 1968). 
Chaturvedi et al. (1977, 1979, 1989) have done pioneering work 
on Dioscorea floribunda and Dioscorea deltoidea (medicinal plants) 
and developed plantlets through somatic embryogenesis using leaves as 
explants. They used SH medium v^th BAP arid/or BAP and 2,4-D and 
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lAA as starting points and also reported that incorporation of 
ammonium nitrate and reduction in the level of Thiamine HCl, 
Pyridoxine HCl and Nicotinic acid was essential for the production of 
plantlets. 
Somatic embryogenesis has been obtained from single cell in 
Ranunculus sceleratus (Konar et ah, 1972) and Dactylis glomerata 
(Trigiano et al, 1987). However, Halperin (1967) demonstrated that 
somatic embryos in carrot originated from cell clusters. Jones (1974), 
Raghavan (1976) and Tisserat et al. (1979) also reported that some 
normal bipolar embryos were developed from cell aggregates. 
Rangaswamy (1961) and Sabharwal (1963) working with Citrus 
microcarpa and C. reticulata respectively concluded that the nucellus 
from the micropylar end only is capable to form embryos in cultures 
as it happens in nature. A detailed study on 57 species of citrus has 
been conducted by Esan (1973) and proved that nucellus was potent 
enough to induce embryogenesis in Citrus species. 
Somatic embryogenesis from immature embryos of sunflower 
was reported by Finer (1987), Wilcox McCann et al., (1988) and 
Freyssinet & Freyssinet (1988). Prado and Berville (1990) described 
a liquid culture system for the induction of somatic embryos from 
hypocotyl sections of a variety of sunflower lines and Helianthus 
petiolaris. Genotype dependent embryogenesis was studied by Pellisier 
et al. (1990), who reported that in an inbreed line high degree of 
totipotency occurred from hypocotyl epidermal layer. A high frequency 
of somatic embryogenesis was reported by Fiora et al. (1997) in 
sunflower through cotyledon culture and also suggested that dark 
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treatment was necessary to obtain somatic embryos in several genotype 
tested. Genotype dependent embryogenesis was also exhibited in 
Giiizzotia abyssinica (Adda et al., 1994). Somatic embryogenesis is 
frequently observed in cotyledon or embryonal tissue culture, as 
reported in sunflower (Finer, 1987; Wilcox McCann et al., 1988; 
Jeanin & Hahne, 1991), Petroselinum hordense (Vasil and 
Hilderbrandt, 1966), Cucurhita pepo (Jelaska, 1972), B. campestris 
(Maheshwaran & Williams, 1986), Cucumber sativus (Low & Kako, 
1995a,b), Cajanus cajan (George & Eapen,1994; Patel et al, 1994), 
Cicer arietinum (Suhasini et al., 1994 and Adkin et al., 1995), 
Glycine max (Moon et al., 1994), Pyrus malus (Paul & Sanghian-
Norree l , 1994), Simarouba glauca (Rout & Das, 1994) and 
Azadirachta indica (Su et al., 1997). 
2,4-D has been the most commonly used auxin for the induction 
of somatic embryogenesis (Hiraoka et al., 1983; El-Hassan et al., 
1987; Kesely et al, 1987; Eapen & George, 1993; Moon et al., 
1994; Lou & Kako, 1995; Amitha & Reddy 1996; Bela and Shetty, 
1996 and Choi & Soh, 1997). However, Kamada et al. (1989) 
reported embryogenesis in carrot on auxin free medium and Smith and 
Krikorian (1990) got similar results by manipulating the pH of the 
medium. Whereas, 2,4-D alongwith cytokinin exhibited promotive 
effect for the induction of embryogenesis in a number of plant 
species (Srinivasan & Mullins, 1980; Hiraoka et al, 1983; Ilahi & 
Jabeen, 1986; Klimabzewska & Keller, 1986; Meijer & Brown, 1987; 
Michaux-Ferriere et al, 1987; Emershad et al, 1989; Shanker & 
Mohan Ram 1993; Santos et al, 1994; Sarasan et al, 1994; Hong & 
Debergh, 1995; and Islam et al, 1996). 
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Among auxins other than 2,4-D, NAA alongwith cytokinin proved 
beneficial in several plants (Raicu et al., 1983; Rastogi et al., 1991). 
Promotory effects of cytokinin on somatic embryogenesis was also 
observed in Coffea sps. Sondhal and Sharp (1977), Solarium 
melongena (Kamat and Rao, 1978). However, embryogenesis could 
also be induced in presence of cytokinin alone as reported by Yasuda 
et al (1985) in Coffea. 
Anti auxin such as 2,4,5-tri-chlorophenoxy acetic acid (2,4,5-T) 
and 2,4,6-T have been proved promotive for the induction of somatic 
embryogenesis (Cronauer & Krikorian , 1983). From the available data 
it has been established that GAj inhibits embryogenesis (Halperin, 
1970; Fujimura & Komamine, 1975; Tisserate & Murashige, 1977). 

Chapter - 3 
MATERIALS AND METHODS 
The present investigation deals with in vitro studies in some 
plants of economic importance namely Helianthus annuus L. 
(Asteraceae), Brassica juncea Czern & Coss (Brassicaceae), Oscimum 
sanctum L. and Mentha arvemis L. (Lamiaceae), Dalbergia sissoo 
Roxb. (Papilionaceae) and Cannabis sativa L. (Cannabinaceae). The 
certified seeds of H. annuus and B. juncea were procured from lARI, 
New Delhi, whereas the seeds of Ocimum sanctum and Cannabis 
sativa were collected from field grown plants. The explants of 
Dalbergia sissoo were taken from mature plus tree and of M. 
arvensis from potted plants. The seeds of H. annuus and B. juncea 
were sown and plants were raised both in earthen pots as well as 
under aseptic conditions. 
3.1 Raising Seedlings Under Aseptic Conditions 
The sucrose free MS Medium was used for raising seedlings 
of H. annuus and B. juncea under aseptic conditions The seeds were 
kept under tap water for 30 minutes. For sterilization, the seeds were 
first kept in 70% alcohol for 2 minutes and rinsed several times with 
sterilized DDW, then surface sterilized with 0.1% aquous HgCl^ for 
10-15 minutes followed by 3-4 times thorough washings. 
3.2 Composition and Preparation of Culture Medium 
In the present investigation Murashige and Skoog's (1962) 
medium with some modifications was used throughout for in vitro 
studies (Table-1, depicts the composition of the MS medium). 
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The stock solution of basal medium was prepared and stored in 
refrigerator. For stock solution the macro, micro elements, and 
vitamins were devided into four groups at variable concentrations 
and dissolved and stored separately (Table-2, depicts the 
concentrations of different groups of the medium). 
At the time of preparation of normal medium the stock 
solution was diluted accordingly and 0.8% Agar Agar (High media, 
Bombay) was used for solidification. The basal medium was 
fortified with different Auxins (2,4-D, lAA, IBA, NAA) and 
cytokinins (Kn, BA, Adenin sulphate) singly as well as in diferent 
combinations alongwith other vitamins and amino acids. 
After adding all constituents the pH of the medium was 
adjusted to 5.8 with IN NaOH or IN HCl. Double distilled water 
was used throughout for sterilization of the explants and for the 
preparation of the medium. Erlenmayer flask (150ml or 250ml) and 
rimless culture tubes (Borosil) were used as culture vessels. In case 
of culture tubes 15 ml, while in flask 50 ml medium was dispensed. 
Culture vessels were pluged with non absorbent cotton wrapped in 
muslin cloth. The medium was then autoclaved at 15 lb (121°C) for 
15 minutes. The autoclaved medium in culture tubes was allowed to 
set as slants. 
3.3 Aseptic Techniques 
Prior to inoculation the laminar air flow hood, the culture 
tubes/flask (containing media) and other instruments required were 
exposed to ultraviolet rays (30 Watt UV tube) for 1 hour. The 
instruments used were first autoclaved after wrapping them in 
Table - 1 : Nutrional components ofMurashige andSkoogMedium (1%2). 
Coiiq)onents 
Macronutrients: 
MgSO,.7HjO 
KHjPO, 
KNO3 
NH .^NO, 
CaClj.2HjO 
Micronutrients: 
H3BO3 
MnS0 .^4HjO 
ZnS0^.7H,0 
NajMo0^.2H,0 
CuSO,.5HjO 
CoCl,.6HjO 
KI 
FeSO,.7HjO 
NajEDTA.2HjO 
Organic Supplements: 
Wamins 
Thiamine HCl 
Pyridoxine HCl 
Nicotinic acid 
Myoinositol 
Glycine 
Sucrose (gm) 
PH 
Amount (mg/1) 
370 
170 
1900 
1650 
400 
6.2 
22.3 
8.6 
0.25 
0.025 
0.025 
0.83 
27.8 
37.3 
0.5 
0.5 
0.5 
100 
2 
30 
5.8 
Table - 2 Stock solution for MS basal medium. 
Constituents 
Stock solution 1 (20 x) 
KNO. 
NH NO. 
CaCl 2H,0 
MgS0,7H,0 
KHPO, 
Stock solution 11 (200 x) 
Amount (mg/1) 
38000 
33000 
8800 
7400 
3400 
MnSO 4H,0 4460 
ZnS0^"7H,0 1720 
HBO^ " 1240 
Na MoO^ 2H,0 50 
CuSO 5H,0 5 
CoCl/6H.b 5 
Stock solution III (200 x) 
Na EDTA2H,0 5560 
FeSO 7H,0 " 7460 
Stock solution IV (200 x) 
M\oinositol 20000 
Gl\cine 100 
Thiamine HCl 100 
Pyridoxin HCl 100 
Nicotinic acid 100 
To prepare one litre of medium take 50ml of stock solution I, 5ml each of stock 
solutions Il-I\' 
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aluminium foil. After each inoculation instruments were dipped in 90% 
alcohol and flamed before use. Sterilized gloves were used during 
inoculation. 
3.4 Source of Explants, Sterilization and inoculation 
Various plant parts were used as explants viz. cotyledon, leaf, 
hypocotyl, stem segment, apical shoot tip and roots. 
The explants from aseptically raised seedlings were inoculated 
directly, while the explants collected from potted plants and from 
mature plus trees were thoroughly washed under running tap water for 
30 minutes and dipped in 5% Tee-pol for 10-15 minutes followed by 
5-6 washings with sterilized DDW. Later, the explants were surface 
sterilized with 0.1% HgCl^ for 10-15 minutes (depending upon the 
delicacy of the explant) followed by 5-6 washings with sterilized 
DDW to remove the traces of HgCl^ . 
In case of Ocimum sanctum L. to check the release of phenolic 
compounds, which adversely affect the culture condition, pretreatment 
of ascorbic acid was given. 150 mg/1 ascorbic acid solution was used 
for pretreatment for about 1 hour before inoculation. 
The sterilized explants were cut into pieces (l-2cm) and 
inoculated in culture vessel with the help of sterilized instruments in a 
quick succession. 
3.5 Incubation 
After inoculation the culture vessels were kept in culture room 
under 14/10 hours light and dark photocycle. The light intensity was 
2500 lux at 25+2°C under 55+5% relative humidity. 5 or 10 
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replicates were used for each treatment and subculturing was done 
after an interval of 4-5 weeks. Observations were recorded 
periodically. 
3.6 Callus Growth Estimation 
Growth of the callus derived from leaf explants of each plants 
was studied under influence of growth substances. Smooth and 
yellowish coloured calli were selected for subculturing for callus 
growth studies. For quantitative studies the initial approximate weight 
of the callus was taken. The callus growth was measured in terms of 
fresh and dry weight at an interval of 7 days from 7-35 days after 
inoculation. The fresh weight of subcultured calli was taken after 
removing agar agar and blot dired after every seven days. For dry 
weight analysis the callus was dried in oven for 48 hrs. at 55+2°C. 
Quantitative analysis of growth is an essential element in 
many studies. Growth of the cell line was calculated in several 
ways to assess the effect of these methods of analysis on the 
interpretation of the data. Growth rate was expressed in terms of 
mass (W) and time (t). Blackman (1919) proposed that the equation 
of relative growth rate R is defined as 
In -
R = 
t^  -
Where, 
W j 
w, 
\ 
\ 
^ 2 
w, 
t, 
* 
= 
= 
= 
Final mass 
Initial mass 
Final time 
Initial time 
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If R is constant this equation is applicable only to exponentially 
growing calli. However, if R varied with time, this equation yields a 
relative growth rate (R). 
3.7 Cytodifferentiation and Rhizogenesis 
For the study of cytodifferentiation of smooth yellowish 
coloured leaf derived calli, while for rhizogenesis, alongwith different 
explants the compact creamy coloured leaf derived calli were used. 
3.8 Micropropagation 
For the study of direct and indirect regeneration various 
explants and nodular green calli were undertaken. 
3.9 Growth Index of Regenerants 
The regenerants were allowed to grow under various treatments 
for 4-6 weeks to monitor growth and differentiation and other related 
morphogenetic responses. Average number of shoots was visually 
counted whereas the number of shoot bud initiation was counted with 
the help of stereomicroscope. Height of the shoot and root lenght was 
measured with the help of scale. 
3.10 Somatic embryogenesis 
For the study of somatic emrbyogenesis creamy coloured friable 
calli raised through leaf explant on 2,4-D containing medium were 
used for subculturing on MS and MS modified medium augmented with 
various growth regulators. The initiation and differentiation of 
embryoids was monitored under stereomicroscope. 
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3.11 Anatomical Studies 
The anatomical studies of differentiating calli and regenerants 
were carried out through microtome sections after fixing in FAA. The 
dehydration was done by alcohol xylol series. The dehydrated calli 
were brought in xylol + molten wax in oven at 60°C for 12 hours and 
finally in molten wax. Some molten wax was poured into a cuboid 
mould made out of Lenckhart's L pieces and after appearing a 
membranous film the material was inserted. The mould was then 
imersed into a cold water bath and wax block were taken out after 2 
hours (Summer, 1988). 
3.11.1 Microtomy 
The wax block samples were cut into ribbons (10-15 |im). The 
ribbons were spread on clean slides coated with adhesive. The 
sections were dewaxed in xylene. For staining rehydration and 
dehydration processes were carried out through absolute ethanol series 
with a succession of 2 minutes each. The material was then washed 
with clove oil + fast green (0.5-1%), mounted in Canada balsam and 
kept at 37°C for 48 hours. 

Chapter - 4 
RESULTS 
4.1 Callogenesis 
The callus induction efficiency of different explants (viz, 
cotyledon, leaf, hypocotyl, stem segment, shoot tip and roots) of 
Helianthus annuus, Brassica juncea, Ocimum sanctum, DaJbergia 
sissoo, Mentha arvensis and Cannabis sativa was studied to evolve 
optimal nutritional requirements. The explants were cultured on MS 
medium supplemented with various growth regulators singly as well 
as in combination. The basal medium showed insignificant response 
for callus induction irrespective of the plants or explants. 
The various explants exhibit wide range of callusing behaviour. 
Therefore the results are presented on plantwise basis. 
4. J.I Helianthus annuus 
4.1.1.1 Response of Different Explants 
The leaf and shoot tip explants of Helianthus annuus showed 
better callus induction than other explants on medium augmented 
with single auxin or with cytokinin, while on cytokinin or cytokinin 
plus auxin containing media cotyledon also showed significantly 
better response. The root explant exhibited very poor response, but 
a satisfactory effect was noticed on higher Kn containing medium 
(Table - 3 & 4). 
4.1.1.2 Effect of Auxins or Auxin/Cytokinin 
Among single auxin treatment, 2,4-D (2mg/l) showed better 
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response for callus induction through different explants. 2,4-D 
produced compact calli through cotyledon and root explants while 
other explants showed friable yellowish callusing. Callusing started 
first in the cotyledon and leaves 7 days after inoculation followed by 
other explants. NAA (2mg/l) exhibited early callusing 6 days after 
inoculation in leaf explant followed by others. While lAA or IBA 
showed insignificant response. Addition of cytokinin (lower 
concentration) to auxin containing media enhanced the callusing 
response in each explant. The best combination evaluated was NAA 
(l-5mg/I) + BAP (0.5-lmg/l) followed by 2,4-D + BAP. Nodular 
green callusing was observed in leaf and cotyledon explants on 
NAA + BAP containing media with the optimal concentration of 
NAA (5mg/l) + BAP (0.5mg/l) in cotyledon (Fig.l-A) and NAA 
(lmg/1) + BAP (lmg/1) in leaf explant (Fig.l-C). While compact 
smooth callus yellowish in colour was noticed in cotyledon and 
shoot tip explants on 2,4-D + BAP containing media with optimal 
concentration of 2,4-D (2mg/l) + BAP (0.5-lmg/l). On this medium 
root explant also exhibited better callusing than other combinations. 
Root and hypocotyl explants showed friable and creamy coloured 
callusing (Fig.l-B, Table-3). 
4.1.1.3 Effects of Cytokinins or Cytokinin/Auxin 
In cytokinin containing media mostly compact nodular and 
green callusing was observed with the best response of BAP or Kn 
+ NAA combinations. BAP (2mg/l) was better than Kn (2mg/l) to 
induce callusing in leaf and shoot tip explant observed 6 days 
after inoculation Compact nodular green calli were obtained through 
all explants except roots on BAP (5mg/I) + NAA (5mg/l) with the 
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optimal response (Fig.l-E). BAP (5mg/l) + lAA (lmg/1) also 
exhibited significantly better cullusing in each explant. The greenish 
yellow compact callusing was observed through cotyledon on BAP 
(5mg/l) + lAA (lmg/1). While on the same medium greenish yellow 
loose callusing was observed through hypocotyl, greenish yellow 
smooth through leaf (Fig.l-F), nodular green callusing through shoot 
tip and whitish friable callusing through stem segments and roots. It 
is clearly observed that with the increase in the concentration of 
cytokinin callusing response increased. It was also observed that 
BAP at higher concentration alongwith lAA (lmg/1) produced 
greenish compact callusing while alongwith NAA compact nodular 
green calli were obtained (Fig.l-G,H). Whereas Kn with NAA 
mostly produced fast growing yellowish or creamy white and 
smooth callusing (Fig.l-D), while alongwith lAA dark green nodular 
calli were obtained. But root explant callused best on Kn (2mg/l) + 
lAA (lmg/1) and yellowish granular callus was obtained with faster 
growth (Fig.l-I, Table-4). 
4.1.2 Brassica juncea 
4.1.2.1 Response of Different Explants 
In Brassica juncea the callusing behaviour of cotyledon, 
leaves, shoot tip and stem segment was investigated. Leaf and shoot 
tip explants exhibited better callusing behaviour followed by stem 
segment and cotyledons (Table - 5 & 6). 
4.1.2.2 Effect of Auxin or Auxin/Cytokinin 
Among single auxins tested, 2,4-D (2mg/l) was best to induce 
callusing in cotyledon while NAA (2mg/l) was better for shoot tip. 
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Callusing was early in 2,4-D 5 days after inoculation but addition 
of BAP significantly inproved the response of NAA than 2,4-D and 
callusing started in most of the cases 4-5 days after inoculation. 
The effect of 2,4-D alongwith BAP was poor in cotyledon 
while better in leaves on 2,4-D (lmg/1) + BAP (0.5-lmg/l) and in 
shoot tip on 2,4-D (5mg/l) + BAP (lmg/1). Most of the calli 
produced on 2,4-D containing media were yellowish compact with 
slower growth except in leaf explant on 2,4-D (2mg/l) + BAP (Img/ 
1) with compact green calli. NAA + BAP was the best combination 
for the production of fast growing compact greenish or nodular 
green calli. The cotyledon explant produced nodular green calli on 
NAA (2mg/l) + BAP (lmg/1), while on NAA (5mg/l) + BAP (Img/ 
1) fast growing greenish yellow smooth callusing was induced on 4* 
day of inoculation (Fig.2-A). 
Compact nodular green calli through leaf explant were 
observed on NAA (2 or 5mg/l) + BAP (Img/1) while greenish 
friable callusing was noticed on lower NAA (lmg/1) + BAP (0.5mg/ 
1) concentrations (Fig.2-B). IBA containing media mostly produced 
firable creamy coloured callusing. Similar effect of 2,4-D or NAA 
alongwith BAP was observed in shoot tip explant and the best 
medium for the production of fast growing creamy coloured 
smooth calli was NAA (2mg/l) + BAP (0.5-lmg/l), while nodular 
green calli were obtained on NAA (5mg/l) + BAP (lmg/1). IBA> 
lAA showed poor response and produced creamy coloured loose 
callus. Stem segments showed better response only on NAA + BAP 
augmented media and produced creamy coloured friable calli at 
lower concentrations of NAA (1 & 2mg/l) + BAP (0.5-lmg/l) while 
Table -5:8. juncea - Effect of auxins with cytokinin on callus 
initiation from different explants. 
'IviS + Hormones (mg/l) Cotyledon Leaf Shoot tip Stem Segment 
MS + 2,4-D, 
MS + NAA," 
M S + IAA/ 
MS + roA,' 
MS + 2,4-D, + BAP„, 
MS + NAA, + BAP„, 
MS + IAA, + BAP„, 
MS + IBA, + BAP„, 
MS + 2,4-D, + BAP, 
MS + NAA, + BAP,„ 
MS + IAA,+ BAP„, 
MS + BA+BAP 
MS + 2,4-D, + BAP„, 
MS + NAA,"+BAP„, 
MS + IAA, + BAP,„ 
MS + ffiA^' + BAP,, 
MS + 2,4-D, + BAP, 
MS + NAA,"+ BAP, 
MS + IAA,'+BAP, 
MS + roA,' + BAP, 
MS + 2,4-D,+ BAP ,^, 
MS + NAA,+ BAP„ 
MS + 1AA/+BAP,,/ 
MS+ffiA,+ BAP,^ 
MS + 2,4-D, + BAP, 
MS+NAA3+BAP, 
MS + IAA,+ BAP, 
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greenish smooth calh on NAA (5mgA) + BAP (0.5-lmg/l) (Tablc-5). 
4.1.2.3 Effect of Cytokinins or Cytokinin/Auxin 
All the explants of B. jiincea exhibited best callusing response 
on medium containing BAP or BAP + NAA. Kn (5mg/l) + NAA (5mg/ 
1) proved to be the best medium for the production of green compact 
and fast growing calli in cotyledon explants. On this medium callusing 
started after 10 days of inoculation and it was observed that prior to 
callusing the cotyledons became fleshy. The cotyledon explant produced 
yellowish or creamy coloured friable calli on BAP + NAA 
combination, while on BAP (5mg/l) + lAA (lmg/1) compact greenish 
callus was obtained. 
In leaf explant best callusing was observed on BAP + NAA and 
produced creamy coloured loose callusing, while Kn + NAA showed 
greenish smooth callusing. BAP (5mg/l) + NAA (lmg/1) was the best 
medium for the production of fast growing calli. Nodular green 
callus was obtained on Kn (5mg/l) + NAA (Img/l) (Fig.2-C), while 
Kn (5mg/l) + lAA (lmg/1) showed inhibitory effects. Similarly shoot 
tip and stem segment showed fast growing callus induction on BAP + 
NAA combination at higher concentrations (Fig.2-D), while Kn + NAA 
showed slow growing callus induction but compact in nature (Table-6). 
4.1.3 Ocimum sanctum 
4.1.3.1 Response of Different Explants 
In Ocimum sanctum, the nodal segments and shoot tips were 
more responsive for better callus induction as compared to leaf 
explants. Green pigmented calli were mostly obtained through stem 
Table - 6 ; BJuncea - Effect ofcytokinins with auxin on callus initiation 
from different explants. 
1viS + Hormones (mg/1) 
MS + BAPj 
MS + Kn, 
MS + BAP,+ IAA„, 
MS + BAP, + NAA„, 
MS + Kn, + IAA„, 
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MS + Kn,+ IAA, 
MS + Kn, + NAA, 
MS + BAP,+ IAA, 
MS + BAP, + NAA, 
MS + Kn,+ IAA, 
MS + BAP,+ IAA, 
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segment and whitish or creamy coloured calli from leaf explants 
(Table - 7 & 8). 
4.1.3.2 Effect of Auxins or Auxin/Cytokinin 
Among single auxin containing medium NAA (2mg/l) was 
better to induce callusing (smooth) from cut end of the nodal 
segment and shoot tip explant, while 2,4-D (2mg/l) proved to be 
the best for compact nodular callus induction in nodal segment 
culture. The calli produced on NAA or IBA were greenish yellow 
and friable, whereas lAA showed very poor response for callus 
induction as it induced slight callusing in leaf and stem segment 
and promoted proliferation only in shoot tip. Addition of BAP or 
Kn (0.5mg/l) to auxin containing medium triggered early callus 
induction. 
The leaf explant started callusing 6 days after inoculation on 
NAA (5mg/l) + BAP (0.5mg/l). On this medium fast growing 
nodular greenish coloured calli were obtained (Fig.3-A). However, 
growth response decreased with the decrease in BAP concentration. 
Whereas, slow growing compact nodular green calli were produced 
on NAA (2 & 5mg/l) + Kn (0.5mg/l). Callusing started after one 
week of incubation. Yellowish smooth callusing occured on 2,4-D + 
Kn (0.5mg/l) containing media, while alongwith BAP (0.5mg/l) very 
poor response was noticed. On 2,4-D + Kn supplemented media 
callusing was noticed 5th day after inoculation while on 2,4-D + 
BAP the callus induction was delayed. 
For the production of fast growing nodular compact greenish 
calli, NAA + Kn combination was best in both stem segment and 
Table - 7 : O. sanctum - Effect of auxins with cytokinin on callus 
initiation from different explants. 
MS + Hormones (mg/l) Leaf Stem segment Shoot tip 
NAAj 
roA, 
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NAA, + BAP^, 
NAAj + BAP„ 
NAA, + BAP,, 
2,4-0,+ Kn„ 
2,4-D, + Kn„, 
2,4-D, + Kn„, 
2,4-D, + BAP., 
2,4-D, + BAP,, 
2,4-D, + BAP„, 
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shoot tip explant. Callusing was observed from cut end on 4^ day of 
inoculation and within two weeks a very large callus mass was 
obtained on higher concentration of NAA (2 & 5mg/l) + Kn (0.5mg/l). 
In stem segment NAA (2mg/l) + Kn (0.5mg/l) (Fig.3-C) was optimal 
while in shoot tip both NAA (2 & 5mg/l) + Kn (0.5mg/l) proved to 
be the optimal concentrations (Fig. 3-B). In both the explants NAA 
alongwith BAP (0.5mg/l) produced yellowish compact calli and 
callusing was noticed after one week at higher NAA (Smg/I) + BAP 
(0.5mg/l) followed by lower concentrations. It was also observed that 
compactness decreased with the decrease in NAA concentration. 2,4-D 
alongwith cytokinin started callusing in shoot tip just after 4'*' day of 
inoculation and produced creamy coloured friable calli with the 
optimal concentration of 2,4-D (2mg/l) + Kn (0.5mg/l) (Fig. 3-D, 
Table-7). 
4.1.3.3 Effect of Cytokinins or Cytekiuin/Auxin 
Single cytokinin in lower concentration was not much effective 
for satisfactory callus induction and growth while higher concentration 
of both BAP and Kn (2 & 5mg/l) was better. Callusing in leaf on 
single cytokinin started after 10-12 days of incubation. 
Very poor response of BAP and Kn was observed in shoot 
tip and nodal segment respectively. Addition of NAA ({).2mg/l) to 
cytokinin containing media slightly improved the callusing response in 
all the explants. It was observed that Kn alongwith NAA was much 
effective in leaf explant, while BAP in combination with NAA in stem 
segment explants. Nodular green i;aili were obtained through all the 
explants on BAP (5mg/l) + NAA (0.2mg/l) (Fig. 4-A). Addition of 
Table - 8 : 0 . sanctum - Effect of cytokinins with auxin on callus 
initiation from different explants. 
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glutamic acid (50mg/l) further improved callusing response. On this 
medium stem segment and shoot tip explants also produced dark green 
smooth calli. Addition of glutamic acid to the Kn + NAA 
supplemented medium could not improve callusing response as 
compared to BAP + NAA. 
Fastest growing pigmented nodular calli were produced through 
all explants on media containing Ads (5, 10 or 15mg/l) alongwith lAA 
(0.5 or lmg/1). Higher concentration of Ads (15mg/l) was optimal in 
all the three explants with the best response in leaf explant on Ads 
(10 or 15mg/l) + lAA (0.5mg/l) (Fig. 4-B) followed by stem segment 
on Ads (15mg/l) + lAA (0.5 or lmg/1) (Fig. 4-C) and shoot tip on 
Ads (15mg/l) + lAA (lmg/1) respectively. Addition of NAA (0.5mg/l) 
+ BAP (0.5mg/l) to Ads containing medium played inhibitory role in 
leaf explant (Fig. 4-D). However, Ads (5mg/l) + BAP (lmg/1) + NAA 
(0.5mg/l) stimulated the callusing effect in stem segment followed by 
shoot tip on Ads (5mg/l) + BAP (1.5mg/l) + NAA (0.5mg/l) with the 
optimal response (Table-8). 
4.1.4 Dalbergia sissoo 
4.1.4.1 Response of Different Explants 
In Dalbergia sisso stem segment was most suitable explant for 
the induction of better callus on auxin containing media followed 
by shoot tip and leaf explant respectively, while on cytokinin 
containing media best response was noticed through leaf explant 
followed by stem segment and shoot tip respectively (Table - 9 & 10). 
4.1.4.2 Effect of Auxins or Auxin/Cytokinin : 
Single auxin supplement exhibited very poor response for the 
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callus induction in all explants, while alongwith lower concentration of 
cytokinin callusing behaviour of the explant improved considerably. 
Most significant response was observed in stem segment and shoot tip 
on NAA (5mg/l) + BAP (0.5mg/l). On this medium callusing started 
after 6 days in stem segment, 10 days in shoot tip and after 12 days 
in leaf explant. The calli were dark green nodular in leaf (Fig. 5-A) 
and shoot tip (Fig. 5-C) while friable creamy coloured callus from 
stem segment (Fig. 5-B). However, 2,4-D alongwith Kn produced dark 
green nodular calli in stem segment, while in leaf explant yellowish 
compact callus was produced. 2,4-D (2mg/l) + Kn (0.5mg/l) was the 
optimal concentration for the initiation of callusing in leaf explant 5* 
day of inoculation followed by stem segment 7"" day (Fig. 5-D) and 
shoot tip 10 days after inoculation, while alongwith BAP friable 
callusing was induced in all explant with the optimal concentration 
of 2,4-D (2mg/l) + BAP (0.5mg/l) (Table-9). 
4.1.4. 3 Effect of Cytokinins or Cytokinin/Auxin 
Treatment of single cytokinin was not much effective for 
callusing but stem segments and leaf explants showed better response 
to BAP as compared to Kn. Shoot tip exhibited very poor response 
for callus induction on any cytokinin while, in leaf callusing was 
better on BAP (5mg/l) augmented medium. Earliest callusing started in 
stem segment after 10 days of inoculation on BAP (2 or 5mg/l) 
followed by leaf explant 12 days and shoot tip 15 days after 
inoculation. 
Addition of NAA (0.5mg/l) to the medium containing higher 
concentration of BAP (5mg/l) exhibited significant response for 
Table - 9 : D. sissoo - Effect of auxins with cytokinin on calhis initiation 
from different explants. 
MS + Hormones (mgA) 
MS + NAAj 
MS + roAj 
MS + 2,4-Dj 
MS + IAAj 
MS + NAA,+ BAP„, 
MS + NAA^+BAPj, 
MS + NAA,+ BAP„, 
MS + 2,4.D, + BAP„5 
MS + 2,4.Dj + BAPj,, 
MS + 2,4-0,+ BAP„, 
MS + NAA,+ Kn,5 
MS + NAAj+Kn„5 
MS + NAA,+ Kn,5 
MS + 2,4-D,+ Kn„, 
MS + 2,4-Dj+Kn„, 
MS + 2,4-0,+Kn„, 
Leaf 
+ 
+ 
-
+ 
++ 
-H-l-
+ 
++ 
++ 
+ 
+ 
++ 
+ 
-H-
+ 
Stem segment 
+ 
+ 
-
+ 
+++ 
f t H 
+ 
+++ 
++ 
+ 
++ 
+++ 
+ 
+++ 
++ 
Shoot tip 
+ 
+ 
-
+ 
++ 
++-H-
. 
++ 
++ 
« 
+ 
++ 
+ 
++ 
+ 
+ 
++ 
+++ 
++++ 
no induction of callus 
poor callus induction 
moderate callus induction 
good callus induction 
best callusing induction 
Table -10 : Z>. sissoo Effect of cytokinins with auxin on callus 
initiation from different explants. 
MS + Hormones (mg/l) Leaf Stem segment Shoot tip 
MS + BAP, 
MS + BAPj 
MS + BAP. 
MS + BAP, + NAA„, 
MS + BAP, + NAA, 
MS + BAP, + NAA, 
MS + BAP, + NAA, 
MS + BAP^ + NAA^^ + Qa 
MS + BAPj + NAA„^ +Gla 
MS + BAP, + NAA^j + Gla 
JO 
50 
50 
MS + Kn, 
MS + Knj 
MS + Kn. 
MS + Kn,+ NAA„, 
MS + Kn,+NAA,' 
MS + Kn,+NAA, 
MS + Kn,+ NAA, 
+ 
++++ 
+ 
-H-
- m -
+ 
- H - + 
I I I t 
+++ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-H-++ 
+ 
-H-+ 
+++ 
+ 
+++ 
+ 
++ 
+++ 
++++ 
no inductim tX callus 
pow callus induction 
moderate callus induction 
good callus induction 
best callusing induction 
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better callus induction in all explants. The stem segment started 
callusing after 4*^  day of inoculation on BAP (5mg/l) + NAA (5mg/l) 
and exhibited very fast growth in callus, loose in nature and creamy or 
greenish in colour (Fig. 5-E). Similar response was noticed in shoot 
tip and leaf explant (Fig. 5-F). It was also observed that on lowering 
the NAA concentration with fixed BAP (5mg/l) concentration callusing 
efficiency decreased in all explants. Addition of glutamic acid (50mg/ 
1) to the BAP (1,2 or 5mg/l) + NAA (0.2mg/l) containing medium 
could not improve the callogenic response any further in stem 
segment and shoot tip, but considerably better response was noticed 
in leaf explant with optimal effect of BAP (5mg/l) + NAA (0.2mg/l) 
+ glutamic acid (SOmg/l) followed by lower concentration of BAP 
(2 & 1 mg/1). On this medium callusing started 4"' day after 
inoculation in leaf explant followed by stem segment and shoot tip. 
The calli were nodular and green but loose in nature (Fig. 5-G, H). 
Supplement of NAA (0.5mg/l) to Kn (5mg/l) containing medium 
proved to be the best for nodular green compact callusing in leaf 
explant followed by lower concentration of NAA (0.2 & 0.5mg/l). 
Whereas, stem segment and shoot tip explants could not respond 
much. On lowering the NAA concentration compactness in the calli 
and pigmentation considerably reduced (Table-10). 
4.1.5 Mentha arvensis 
4.1.5.1 Response of Different Explants 
In Mentha arvemis stem segment explant was more responsive 
for callus production followed by shoot tip and leaf explants. 
Callusing response was best in auxin containing media in stem 
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segment followed by leaf explant (Table - 11 & 12). 
4.1.5.2 Effect of Auxins or Auxin/Cytokinin 
Among single auxin treatment 2,4-D (2mg/l) showed better 
response in leaf explant. Initiation of callus was observed after 7 
days of inoculation but with slow growth. However, NAA (2mg/l) 
was better for faster callus growth, but callus induction was 
delayed (10 days after inoculation). Addition of BAP (0.5mg/l) to 
auxin containing media could not improve the callusing response in 
leaf explant but slight improvement was noticed in stem segment 
followed by shoot tip . The calli were slow growing greenish in colour 
and granular in nature. Further increase in BAP concentration (lmg/1) 
improved callus inducing efficiency of leaf explant on 2,4-D (2mg/l) + 
BAP (lmg/1) with the optimal response (Fig. 6-A), while stem 
segment did not respond significantly but shoot tip responded better 
on NAA (2mg/l) + BAP (lmg/1) and green nodular calli were 
produced. NAA at higher concentration (5mg/l) alongwith BAP (0.5 or 
lmg/1) exhibited significantly better response of callus induction and 
proliferation. Callusing started 4 days after inoculation in leaf explant 
on NAA (5mg/l) + BAP (lmg/1) followed by NAA (5mg/l) + BAP 
(0.5mg/l). Similarly stem segments were much responsive on NAA 
(5mg/l) + BAP (lmg/1) followed by 2,4-D (5mg/l) + BAP (lmg/1) (Fig. 
6-B, C). Callusing efficiency of shoot tip explant could not improve 
further on above said media. Compact green nodular calli were 
obtained through each explant on higher NAA or 2,4-D alongwith 
BAP (lmg/1) augmented media (Table-11). 
4.1.5.3 Effect of Cytokinins or Cytokinin/Auxin : 
Single cytokinin treatment displayed very poor response in each 
Table - 11 : M. arvensis - Effect of auxins with cytokinin on callus 
initiation from different explants. 
MS + Hormones (mg/1) 
MS + 2,4-D, 
MS + NAA," 
MS + ffiA," 
MS + IAA^ 
MS + 2,4-D,+ BAP„, 
MS + NAA,+ BAP„, 
MS + ffiA.+ BAP,,/ 
MS + IAA^+BAP„, 
MS + 2,4-Dj + BAP, 
MS + NAA,+ BAP, 
MS + IBA,+ BAP, 
MS + IAA^+BAP, 
MS + 2,4-D,+ BAP„, 
MS + NAA,+ BAP,, 
MS + roA, + BAP^,, 
MS + IAA,+ BAP,, 
MS + 2,4-D, + BAP, 
MS+NAA3 + BAP, 
MS + roA,+ BAP, 
MS + IAA,+ BAP, 
Leaf 
++ 
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++++ 
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+ 
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+ 
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- ^ 
-
-
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^ 
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-
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4-^+ 
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no induction of callus 
poor callus induction 
moderate callus induction 
good callus induction 
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Table -12 : M. arvensis - Effect of cytokinins with auxin on callus 
initiation from different explants. 
MS + Hormones (mg/1) 
MS + BAP, 
MS + K n / 
MS + Ads, 
MS + BAP+NAA 
1 ••'• •> 
MS + BAP,+ NAA 
^ ( 1 ^ 
MS + BAP'+NAA . 
5 0 > 
MS + BAP+NAA 
5 u > MS + Kn,+ NAA„, 
MS + BAP, +NAA . 
1 5 | ] > 
MS + Kn, + NAA . 
MS + Kn,+ NAA„, 
MS + Kn>NAA'^ 
MS + Ads, + NAA, 
MS + Ads,„+NAA, 
MS + Ads,, + NAA, 
Leaf 
+ 
-
-
+ 
-H-
+++ 
+++ 
-H-
M M 
. 
+ 
-
+ 
-H-
++ 
Stem segment 
-H-
-
-
-M-
+++ 
-l-H-
1 t t 1 
1 1 f 1 
+++ 
+++ 
+ 
-
-
+ 
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-H-+ 
Shoot tip J 
-
-
-
- + 
-H-+ 
-H-+ 
-H-
-H-
-t-
-
-
^ 
— 
i 
+ 
++ 
+++ 
++++ 
no induction of callus 
poor callus induction 
moderate callus induction 
good callus induction 
best callusing induction 
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explant. However, only BAP (2mg/l) containing medium was effective 
for callus induction in stem segment followed by leaf and shoot tip 
explants. 
Addition of NAA (0.5mg/l) to BAP augmented medium improved 
callusing response significantly and it increased with the increase in 
BAP concentration (l<2<5mg/l). Callusing started in leaf explant, stem 
segment and shoot tip explant after 8, 10 & 11 days after inoculation 
respectively. Kn containing media could not improve its callogenic 
effects even after addition of NAA (0.5mg/l), but improved 
significantly when NAA (5mg/l) was added. 
Among all the combinations tested best response in leaf explant 
was observed on Ads (15mg/l) + NAA (5mg/l) (Fig. 6-D), while in 
stem segment on BAP (5mg/l) + NAA (0.5mg/l) (Fig. 6-E). On these 
media fast growing callusing was induced 6 days after inoculation in 
stem segment followed by leaf explant 7 days after inoculation 
(Table-12). 
4.1.6 Cannabis sativa 
4.1.6.1 Response of Different Explants 
In Cannabis sativa callus induction was significantly better in 
stem segment explants as compared to leaf and shoot tip on auxin or 
cytokinin or combination of both in various concentrations. Higher 
auxin to lower cytokinin concentration was more effective in stem 
segment, while in leaf explant higher cytokinin to lower auxin was 
significant (Table - 13 & 14). ,^  
r ^ \ 
•'^ •' > \ 
\ ( Ace. No ) "jl 
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4.1.6.2 Effect of Auxins or Auxin/Cytokinin 
Single auxin exhibited poor response in all the explants while 
addition of BAP (0.5-lmg/l) to the auxin containing media 
considerably enhanced the callogenic potential in all the explants. 
The best response for callus induction leaf explant was noticed on 
NAA (2mg/l) + BAP (0.5 or lmg/1) 6 days after inoculation. The 
callogenesis initiated from cut margin of the leaf and extended to 
whole surface of the lamina exhibiting compact yellowish and smooth 
callus (Fig. 7-A) . While the stem segment call used best on both the 
higher concentrations of NAA (2 and 4mg/l) alongwith BAP (0.5-lmg/ 
1) and produced compact nodular green callus with slow growth (Fig. 7-B). 
On 2,4-D (4mg/l) containing media whitish compact callusing 
was initiated in leaf explant after 8 days of inoculation, while in 
stem segments and shoot tip callusing was observed after 12 days 
of inoculation. However early callusing was achieved in leaf explant 
5 days after inoculation when the medium was augmented with 
2,4-D (2mg/l) + BAP (0.5mg/l) followed by stem segment and 
shoot tip 7 days after inoculation. The calli were yellowish in 
colour and smooth in nature (Fig. 7-C, Table-13). 
4.1.6.3 Effect of Cytokinins or Cytokinin/Auxin : 
BAP (4mg/l) was effective for induction of callusing after 7 
days of inoculation in leaf explant followed by stem segment and 
shoot tip 10 and 12 days after inoculation respectively. Initially the 
calli were friable and creamy in colour, but with the increase in the 
incubation period dark pigmentation and subsequent nodulation was 
observed. Whereas BAP (2mg/l) alongwith 2,4-D (0.5mg/l) induced 
Table - 13 : C sativa - Effect of auxins with cytokinin on callus 
initiation from different explants. 
' IMS + Hormones (mg/l) 
MS + 2,4-D, 
MS + 2,4-D^ 
MS + NAA^ 
MS + NAA, 
4 
MS + IBA, 
MS + B A " 
4 
MS + 2,4-D, + BAP ,^, 
M S + 2 ,4-D; + BAP„ , 
MS + NAA3 + BAP,,, 
MS + NAA + BAP,. 
MS + 2,4-D, + BAP, 
MS + 2,4-D> BAP, 
MS + NAA^ + BAP, 
MS + NAA + BAP, 
L 
Leaf 
++ 
++ 
-H-
++ 
++ 
-H-
+ 
+++ 
+++ 
++ 
-H-
+++ 
Stem segment 
++ 
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+ 
-)-H-
H M 
-H-+ 
-H-
-H-+ 
1 1 M 
Shoot tip^ 
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+ 
+ 
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+ 
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+++ 
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+++ 
no induction of callus 
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++ moderate callus induction 
+++ good callus induction 
++++ best callusine induction 
Table - 14 : C sativa - Effect of cytokinins with auxin on callus 
initiation from different explants. 
'^ M S + Hormones (mg/l) 
MS + BAP, 
MS + BAP] 
4 
MS + Kn, 
MS + Kn] 
MSBAP, + NAA,,, 
MSBAP>IBA,, 
MSBAP'2 + 2,4-D„ 
MSBAP^ + NAA,, 
MSBAP^+IBA„, 
MSBAP^ + 2,4-D,, 
MSBAP^ + NAA^ 
MSBAP^+IBA^ 
MSBAP +2,4-D^ 
Leaf 
++ 
+++ 
-
-
+++ 
+ 
++++ 
-H-
++ 
+++ 
++ 
++ 
+ 
Stem segment 
++ 
-H-
_ 
-
++ 
++ 
+++ 
-H-
-H-
+++ 
1 1 1 1 
-H-
+ 
Shoot tip 
+ 
-H-
-
-
+ 
+ 
++ 
-H-
+ 
-H-
-H-
+ 
+ 
no induction of callus 
+ poor callus induction 
++ moderate callus induction 
+++ good callus induction 
++++ best callusing induction 
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fast growing dark green pigmented nodular calli from leaf explants 
after 6 days of inoculation (Fig. 7-D). 
For stem segments higher dose of cytokinin plus auxin was 
required for the production of fast growing creamy coloured friable 
calli. The optimum response was exhibited on BAP (4mg/l) + NAA 
(4mg/l) (Fig. 7-E). However, on replacing NAA with IB A or 2,4-D 
with the same concentration inhibited the callus growth shortly after 
initiation, and browning was also observed (Table-14). 
4.2 Callus Growth 
The calli raised from different explants of Helianthus annuus, 
Brassica juncea, Ocimum sanctum and Dalbergia sisso were 
subcultured on MS basal medium supplemented with different auxins 
(lAA, BA, 2,4-D & NAA) or cytokinins (Kn, BAP & Ads) to study 
the growth parameters at a constant interval of time. Auxins were 
taken in 1,3 and 5 mg/1 incombination with 0.05mg/l Kn 
concentration & cytokinins in same concentrations in combination with 
0.05mg/l lAA. 
Initially a known amount of callus was inoculated in each 
culture vial which was incubated in dark at 25 + 2°C. The callus 
growth was measured weekly in term of fresh weight and dry matter 
weight upto 35 days. The relative growth rate was also calculated 
providing more information for comparative studies. 
4.2.1 Helianthus annuus 
4.2.1.1 Effect of Auxins on Callus Growth in Helianthus annuus 
In H. annuus 200 + lOmg callus was initially inoculated in 
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each culture vial. The fresh weight of calli grown on MSB medium 
was measured as 409mg, 590mg, 1032mg, 1213mg and 1526mg and 
dr>' weight 31mg, 41mg, 94mg, 103mg and 113mg, after 7, 14, 21, 28 
and 35 days of inoculation respectively. The mean relative growth rate 
(0.09 day') was higher in first week, later it decreased gradually to 
0.05 day' upto 35 days. 
The fresh weight recorded on medium supplemented with lAA 
(1,3 & 5 mg/1) was 2132, 2412, and 2512mg respectively after 35 
days of inoculation (Fig. 8-A, B). The dry matter weight was 183, 
208 and 221 respectively after 35 days of inoculation. Very fast 
growth in callus was noted in lAA 5mg/l supplemented medium 
between 7 to 14 days (2321 mg) and remained constant upto 21 days, 
afterwards decreased upto 35 days. The dry weight of callus was also 
maximum in lAA 5mg/l after 35 days of inoculation, but upto 14 days 
dr>' weight on LAA lmg/1 & 5rag/l was nearly same, that is 104mg and 
109mg respectively against the fresh weight 1102mg and 2321mg 
respectively. Steady growth in dry weight was recorded in both LAA 1 
& 3mg/l upto 35 day, but in lAA 5mg/l much gain in dry weight 
(211mg) was in between 21 to 28 days. 
The mean relative growth rate 0.11, 0.10 and 0.17 day' was 
maximum upto 14 days in lAA (1,3, & 5mg/l) supplemented media 
respectively. The mean relative growth rate decreased to 0.06, 0.06 
and 0.07 respectively in all media upto 35 days. In the first week 
relative growth rate was maximum (0.09 day') in LAA lmg/1 followed 
by (0.08 and 0.05 day') lAA 3 & 5mg/l respectively 
In NAA (1,3 & 5mg/l) supplemented medium the fresh weight 
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increased from lower to higher concentrations measuring 2031, 2212 
and 3780mg/l respectively, whereas dry weight decreased waying 
183mg, 172mg and 174mg after 35 days of incubation. In the first 
week callus growth in fresh weight was maximum 652mg in NAA 
(3mg/l) followed by 382mg/l in NAA (lmg/1) and 306mg in NAA 
(5mg/l), while dry weight was 40mg in NAA (3mg/l) followed by 
32mg & 29mg in NAA 5 & lmg/1 respectively. In the fourth week 
very fast growth in callus took place in NAA (5mg/l) with the fresh 
weight 2504mg and dry weight 174mg (Fig. 8-C). 
The mean relative grov t^h rate was maximum (0.16 day"') in 7 
days, on NAA (3mg/l) which decrease after 14 days and remained 
constant (0.07 day') upto 28 days and further decreases to 0.06 day' 
upto 35 days. Relative growth rate in third week was equal (0.07day') 
in NAA 3 & 5mg/l) whereas in the fourth and fifth week it was equal 
0.07 & 0.06 day-' respectively in NAA 1 & 3mg/l. 
Poor growth in calli was recorded in 2,4-D (1,3 & 5mg/l) 
supplemented media, which decreased from lower to higher 
concentration weighing 1790mg, 1432mg & 1223mg respectively upto 
35 days, whereas dry weight was maximum 123mg in 2,4-D (5mg/l) 
followed by 104mg in 2,4-D lmg/1 and 78mg in 2,4-D 3mg/l upto 35 
days after inoculation. Fast growth in callus was observed in the fourth 
week with the fresh weight 1774mg on 2,4-D lmg/1 followed by 
1334mg on 2,4-D 5mg/l and dry weight 103mg, which was maximum 
in the fourth week among other concentration of 2,4-D. 
The relative grov^h rate was maximum (0.09 day') in 14 days 
on 2,4-D (lmg/1) which decreased (0.06 days') upto 21 days and 
60 
again increased (0.07 day') in the fourth week and finally decreased 
(0.06 day') and became constant. In the first week relative growth 
rate (0.05 day') was equal in 2,4-D 1 & 3mg/l and 0.06 day' in the 
third week, whereas equal relative growth rate (0.05 day') in the fifth 
week was observed in 2,4-D 3 & 5mg/l supplemented media (Table - 15). 
A very good response of IBA (1,3 and 5mg/l) on growth of 
calli was observed in the first week weighing, 573mg, 428mg and 
472mg respectively. IBA lmg/1 proved to be the best medium for 
callus growth with fresh matter weight of 573mg, 1360mg 2420mg, 
2423mg and 263 Img, and dry matter weight 54mg, 107mg, 221mg, 
214mg and 223mg in 1st, 2nd, 3rd & 4th and 5th week 
respectively (Fig. 8-D). The growth in IBA (3mg/l) supplemented 
medium was relatively poor in 1st & 2nd week both in fresh and dry 
matter weight, later it slightly increased, whereas in IBA (5mg/l) it 
was better in I" and 2"'' week. 
Relative growth rate was maximum 0.14 day' in the I" week on 
IBA lmg/1 supplemented medium, followed by 0.13, 0.11, 0.08 & 0.07 
day' in the U"^ , HI"', IV*^  and V* week respectively. In the first week 
relative growth rate in IBA 3 & 5mg/l was 0.10 & 0.11 day' 
respectively, which became equal (0.06 day') upto 21 days in both. 
After 21 days the relative growth rate became constant 0.04 day' in 
both the media (Table - 15). 
4.2.1.2 Effect of Cytokinins on Callus Growth in Helianthus annuus : 
To study the effects of cytokinins MS + lAA (0.05mg/l) was 
treated as control medium. The fresh weight of the calli was recorded 
as 321mg, 456mg, 590mg, 672mg and 700mg and dry weight as 21, 
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33, 48, 52 and 56mg in 7, 14, 21, 28 and 35 days respectively. 
In the control set the relative growth rate of callus v^as 
maximum (0.06 day"') in the first week followed by 0.05 day' in 
14 days and remained constant 0.04 day' upto 28 days and again 
decreased to 0.03 day' in the fifth week. 
On BAP 1, 3 & 5 mg/1 supplemented media the fresh weight 
recorded was 963mg, 4872mg and 1422mg with dry weight 79mg, 
296mg and 151mg respectively in the fifth week. 
In the first two weeks faster growth in callus was recorded in 
BAP 5mg/l supplemented medium. The fresh weight of the calli after 
7 and 14 days was 519mg and 893mg and dry weight 31mg and 
61mg respectively, followed by BAP (3 & lmg/1). After 14 days of 
subculture abrupt increase in callus mass was observed in medium 
comprising BAP 3mg/l with the fresh weight 1290mg, 4559mg, 
4872mg and dry weight 84mg, 267mg and 296mg in the 3"", 4* and 5"' 
weeks respectively. The second effective concentration of BAP for 
callus growth after 14 days was 5mg/l (Fig. 9-B) followed by BAP 
lmg/1. Hence BAP 3mg/l was the best in terms of both fresh and dry 
weight gain (Fig. 9-A). 
The mean relative growth rate was maximum in 7 days (0.12 
day-') on BAP (5mg/l) followed by (0.11 day') BAP (lmg/1) in the 
first week. The mean relative growth rate decreased from 7-35 day in 
BAP (1 & 5mg/l) supplemented media, whereas it increased after 14 
days to 35 days from 0.04 day' to 0.1 day' in BAP (3mg/l) and 
from 28-35 days it was constant (0.10 day'). In BAP (lmg/1) abrupt 
fall in relative growth rate was noticed after 14 days (0.06 day') and 
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then gradually decreased to 0.04 day' upto 35 days, while in BAP 
5mg/l it decreased gradually to 0.05 from 14 to 35 days i.e. 0.1 day"', 
0.08 day-', 0.07 day' and 0.05 day' in 14, 21, 28 and 35 days 
respectively. 
In Kn supplemented media the fresh weight of the calli 35 days 
after incubation was recorded as 1321mg (Fig. 9-C), 1123mg, 
1023mg and dry weight 99mg, 96mg and 89mg in 1,3 and 5mg/l 
respectively. It was observed that with the increase in concentration 
the fresh and dry matter weight decreased. Comparatively faster 
growth in callus was noticed in the first and second week in 3 and 
5 mg/1 supplemented media with the fresh weight 477mg, 636mg 
and 577mg, 620mg respectively, whereas the dry matter weight was 
53, 62mg and 57, 65mg respectively. 
The mean relative growth rate was maximum in the first 
week on Kn 5 & 3mg/l i.e. 0.14 day' and 0.11 day' respectively 
followed by Kn lmg/1 (0.07 day'). The relative growth rate in Kn 
(lmg/1) supplemented medium remained constant (0.07 day') upto the 
third week, afterwards decreased (0.05 day') upto 35 days. It was 
noticed that in the 4*'' & 5"" weeks the relative growth rate was same 
(0.05 day') in all the three concentrations. 
When the basal medium was supplemented with Adenin sulphate 
(5, 10 and 15mg/l) maximum increase in callus was observed in the 
first week in Ads lOmg/1 with fresh weight 376mg and dry weight 
19mg, whereas in the second week the dry weight was maximum in 
Ads 15mg/l supplemented medium with 21mg against the fresh weight 
of 351mg. After second week faster growth in callus took place in 
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Ads 15mg/l supplemented medium with fresh weight 682mg, 892mg 
1321mg and dry weight 49, 76, and 83mg in the 3'\ 4* and 5* weeks 
respectively. 
Least relative growth rate 0.02, 0.04, 0.04 0.04 and again 0.04 
day' was noticed in the Ads 5mg/l supplemented medium in I" to V* 
week respectively. While in lOmg/1 supplemented medium maximum 
relative growth rate (0.08 day"') was observed in the first week. Later 
it decreased significantly upto third week and became constant upto 
fifth week. In 15mg/l supplemented medium relative growth rate was 
0.07 day' in the first and second week and increased to 0.08 day' in 
the third week and significantly decreased to 0.05 day' in the fourth 
week and remained constant upto 35 days (TabIe-16). 
4.2.2 Brassica juncea 
4.2.2.1 Effect of Auxin on Callus Growth in Brassica juncea 
For callus growth study in Brassica juncea initially 200 + lOmg 
callus mass was inoculated in each culture vials containing auxin or 
cytokinin supplemented medium. 
The fresh weight of the calli grown on control medium from 1-5"' 
week was observed Jo be 286mg, 362mg, 501mg, 712mg and 902mg 
and dry weight as 15mg, 23mg, 35mg, 54mg and 94mg respectively. 
The mean relative growth rate was constant .04 day' except .03 day' 
in the second week. 
The growth in calli was similar in lAA 1 & 3mg/l supplemented 
media, whereas in lAA 5mg/l fast growth was observed and maximum 
increase in weight was 273 Img upto 35 days (Fig. 10-A) followed by 
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1600mg in lAA 3mg/l and 1561mg in lAA lmg/1. The dry matter 
weight was also higher in lAA 5mg/l supplemented medium and was 
observed to be 36mg, 54mg, lOlmg, 156mg and 198mg upto 35 day. 
In the second week lAA 3mg/l proved better gaining 63mg dry weight 
followed by 54mg in lAA 5mg/l & 51mg in lAA lmg/1 . 
The relative growth rate was maximum 0.10 day' in 7 days on 
lAA 5mg/l supplemented medium. In the second week it was reduced 
to 0.09 and became constant (0.08 day') in third & fourth week, 
whereas in the fifth week again reduced to 0.07 day"'. The minimum 
relative growth (0.05 day*') was recorded in the fifth week in both 
lAA 1 & 3mg/l supplemented media whereas equal growth rate (0.07 
day') was observed in both lAA 1 & 3mg/l concentrations in third 
week and 0.06 day' in fourth week. 
The fresh weight of calli increased with the increase in the 
concentration of NAA. The fresh weight was recorded as 181 Img, 
2336mg and 2387mg on NA^ 1, 3 and 5mg/l respectively at the end 
of fifth week. Steady increase in callus weight was better in NAA 
3mg/l, whereas a very fast growth in the first and fifth week was 
recorded in NAA 5mg/l supplemented media (Fig. 10-B). Dry matter 
weight of calli also increased with the increase in concentration 
(1, 3 & 5mg/l). It was 153mg, 186mg & 188mg respectively in the 
5th week. The dry matter weight was maximum 35mg in first week 
and 188mg in the fifth week while in 2^, V^ & 4"* week nearly 
same dry weight was recorded in NAA 3 & 5mg/l supplemented 
medium (Table-17). 
The relative growth rate was maximum 0.11 day' in the first 
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week on NAA 5mg/l followed by 0.10 day' in second week on NAA 
3mg/l supplemented media. Relative growth rate decreased in both the 
concentrations equally upto fifth week. In NAA lmg/1 relative growth 
rate was minimum 0.06, 0.07, 0.07, 0.06 & 0.06 upto the fifth week 
respectively. 
Among 2,4-D (1,3 & 5mg/l) supplemented media, callus growth 
was faster in 2,4-D 3mg/l, with the fresh weight 1211mg followed by 
1032mg/l in 2,4-D lmg/1 and 1021mg in 2,4-D 5mg/l. Thus 2,4-D 
(3mg/l) supported the maximum callus growth in terms of fresh 
weight from 14-35 days, whereas 2,4-D (5mg/l) upto 14 day only. 
Similar trend in dry matter weight was also recorded. Dry matter 
weight recorded was 97mg, 96mg and 96mg, upto 35 days in 2,4-D 3, 
1 & 5mg/l respectively. 
The relative growth rate 0.08 day' was maximum in 7 days on 
2,4-D & 3mg/l supplemented media. Equal relative growth rate (0.05 
day"') was recorded in the fourth week in all the concentrations and 
minimum (0.04 day') in the fifth week on 2,4-D 1 & 5mg/l 
supplemented media. 
Very fast growth in callus weight was recorded on IBA 3mg/l 
media weighing 342mg, 863mg, 1356mg, 2012mg & 2632mg upto 35 
days (Fig. 10-C), followed by IBA 5mg/l & lmg/1 supplemented 
media. Similarly increase in dry matter weight was observed 237mg, 
148mg & 138mg on IBA 3, 5 & lmg/1 respectively upto 35 days. A 
maximum gain in dry matter weight was 149mg in 28 days on IBA 
3mg/l supplemented medium as compared to 117mg on IBA lmg/1 and 
113mg on IBA 5mg/l. 
en 
O 
Si 
I 
Si 
5W 
t 
f2 
13 
c/n 
a 
< 
u 
u 
0 
0 
< 
V 
1 5 
I*> 
^ 
S 
• 0 
s 
5. es TS 
«s 
w t 
vm 
E-5 • 0 
r--
K; 
2 
_=• ;§ 
i 
en 
s 
tf 
^ u 
eS E 
3: ec 
u: E 
OS 
P* M 
c; E 
u: E 
DS 
^ u 
C' E 
b: E 
fiC 
^ M 
d E 
tb E 
Bi 
oJ€ 
!? OS 
d E 
to' E 
E 
T f 
0 
•* 0 
< s 
c C^ 
T t 
0 
T t 
• r i 
<N 
1—1 
r~ 
"* 
0 
T) 
r^ 
1 - ^ 
C 
. w-i 
r<^ 
0 
<*% 
<N 
( N 
VO 
r o 
•* 
0 
< o 
^^  
VC 
0 0 
( N 
"5 c. 
B 
0 
0 
0 
0 
C 
+ 
1 0 
s 
« n « n j ~ -
0 c 0 
— SC 0 0 
< ^ • * o ^ 
•" ^ *^ 
— c — vO 0 f ' . 
«ri \ C r -
— — r j 
v o vC 0 0 
0 0 0 
<n m vo 
0 — v ^ 
— — 0 
0 <N 0 
<N r - i — 
— — r - l 
« ^ r - 0 0 
0 0 0 
^^  0 0 oc 0 
r - O N — 
r^ — v c 
0 0 C — 
0 — — 
r~ 0 0 0 
0 0 0 
— f^. • ^ 
i n NO «/^ 
<S «N C-l 
r^ r^ OC 
\ 0 r~- r~ 
\ o r~- 0 
0 0 — 
m r~- vo 
<N »S r»^. 
— <>1 VC 
r^, vO r s 
m m -^ 
0 0 0 
0 0 c c c c 
U ui :Z 
+ + + 
< < < 
+ + + 
CO WD C/O 
s s s 
\ 0 vO \ 0 
0 0 0 
m vO 0 0 
> n 0 0 0 0 
'-—'-' 
— vo r -
— m 0 0 
0 0 r^ r^. 
— r J ( N 
SO r - t ^ 
0 0 0 
r - vo 0 0 
0 m m 
so > n T f 
<ri •»t m 
• * 0 0 r -
r^ 0 0 0 0 
0 0 0 
- - <ri 
vO — — 
r - - > - M 
< o m f S 
0 0 r J r-i 
0 \ — — 
r~ 0 0 0 
0 — 0 
O N r - — 
T t VO VO 
0 0 vO <N 
r^. > n m 
\ 0 0 0 f~-
vO Ov « 
0 0 — 
<N —• <ri 
«N r^ r^ 
<N r - l <N 
r^, 0 0 0 
r^. • * •<*• 
c o o 
0 0 0 
C S C 
^ ^ i^ 
+ + + 
< < < 
z z z 
+ + + 
C/3 t /5 C/D 
s s s 
t i n • * 
0 0 0 
vC t-~ «S 
O N Ov Ov 
M — — 
!»-. — CN 
0 f N 0 
ir> < o <n 
0 0 0 
m r i Ov 
i ~ 0 0 > o 
r~ — vO 
0 0 — Ov 
0 0 Ov 0 0 
i n vo <ri 
0 0 0 
Ov 0 \ T t 
m vo m 
f^. <M NO 
0 f*^ «*1 
r - 0 0 i~~ 
<n r^ t -
c o o 
• * — r ^ 
r-, ^ ^ 
<N «S ( S 
vO vO ( ^ 
r f i n " n 
•>* VO 0 0 
0 0 0 
— m —« 
rM « s n 
r r (N| vC 
« r»^ 0 0 
rM r«". r - i 
0 0 0 
0 0 0 
C B S 
i^ Ui^ 
+ + + 
1 t 1 
' * . ' ^ . • * , 
<N <S f s ' 
+ + + 
C/3 C/5 W 
s s s 
so t^ \o 
0 0 0 
0 0 r^ 0 0 
t n m •«* 
— f S — 
»N ( N — 
Ov r^ r < 
0 0 vO Ov 
— «s — 
VO 0 0 \ 0 
0 0 0 
r^ Ov f<^ 
^ T f ^ 
m f N < S 
<N — VC 
• * 0 • * 
— <N — 
VO 0 0 i ~ 
0 0 0 
<N 
n -^ vo 
r- — r-
VO 
<N m «N 
n m 0 0 
0 0 — Ov 
1 ^ 0 0 0 
0 — 0 
> o i n r ^ 
^ VO m 
r-< m vO 
vO VO f ^ 
m 0 0 t~-
• * VO 0 0 
0 0 0 
0 0 Ov 0 0 
— <S <N 
r^. f S <N 
C^ • * 0 0 
<N f . r^. 
0 0 0 
0 0 0 
B B S 
+ + + 
<<< 
£ £ £ 
+ + + 
t /5 (/3 C/3 
S S 2 
o. 
Hi 
> 
2 
I 
66 
The relative growth rate was also recorded maximum (0.10 day') 
in IBA 3mg/l supplemented medium in 14 days followed by (0.08 da>''') 
in 7 days on IBA 5mg/l. Minimum relative growth rate (0.04 day') 
was recorded in 7 days on IBA lmg/1 supplemented medium which 
increased in second week (0.07 day') and became constant (0.06 day') 
afterwards. Constant phase of relative growth rate (0.08 day') was also 
recorded on IBA 3mg/l from 14-28 days and on IBA 5mg/l (0.06 day') 
was the constant phase of relative growth rate from 21 to 35 days 
(Table-17). 
4.2.2.2 Effect of Cytokinins on Callus Growth in Brassica juncea 
The fresh weight of the calli subcultured on MS + lAA 0.05mg/l 
(Control) was recorded as 262mg, 412mg, 616mg, 762mg and 886mg, 
and dry weight as 15mg, 30mg, 49mg, 56mg and 68mg in 1-5**' week 
respectively after inoculation. 
The mean relative growth rate was maximum (0.05 day') in 21 
days on control medium. Later, it became constant (0.04 day'). 
On BAP (1, 3 & 5mg/l) supplemented media the fresh weight 
of calli was found to be 1962mg, 1762mg and 1671mg and dry 
weight 163mg, 149mg and 147mg respectively after 35 days of 
inoculation. Callus growth became faster after 7 days on BAP lmg/1 
supplemented medium and continued upto 35 days. Thus it clearly 
shows that BAP (lmg/1) gives optimum growth in callus in B. juneca 
(Fig. 10-D). 
The mean relative growth rate was maximum (0.07 day') in 14 
days on BAP lmg/1 supplemented medium and reamined constant upto 
67 
28 days after inoculation. Later it decreased slightly to 0.06 day'. 
Minimum relative growth rate (0.03 day') was recorded in the first 
week on BAP 5mg/l supplemented medium, but in the fifth week the 
mean relative growth rate (0.06 day') became equal in all the three 
concentrations of BAP. 
The optimum concentration of kinetin was found to be 3mg/l for 
callus growth (Fig. 10-E). The fresh weight of the callus was 
recorded as 1831mg, 2562mg and 2316mg and dry weight 148mg, 
238mg & 211mg in Kn 1,3 & 5mg/l supplemented medium 
respectively after 35 days of inoculation. A very fast growth in 
callus was observed after 21 days on Kn 3mg/l supplemented medium 
with a fresh weight 1621mg and dry matter weight 133mg. Thus it 
appears that Kn 3mg/l proved best concentration for callus growth in 
terms of fresh & dry matter weight. 
The mean relative growth rate was recorded maximum (0.10 day') 
in 21 days on Kn 3mg/l supplemented medium. Later, it decreased 
to 0.07 day' upto 35 day. The growth rate was equal (0.08 day') in 
Kn 3 & 5mg/l supplemented media in 28 days and 35 days and 0.07 
day' in 35 days. A constant mean relative growth rate (0.08 day') v a^s 
recorded on Kn 5mg/l supplemented medium upto 28 days. 
On Adenin sulphate 5, 10 & 15mg/l supplemented media the 
callus growth increased upto 14 days with the increase in the 
concentration. The fresh weight of callus recorded was 462mg, 572mg 
& 631mg and dry weight 36mg, 41mg and 53mg respectively, but 
after 14 days both fresh & dry weight increased in Adenin sulphate 
15mg/l (Fig. 10-F) followed by 5 & lOmg/1. 
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The mean relative growth rate was maximum (0.08 day') in 14 
days which decreased to 0.06 day' afterwards and remained constant 
upto 28 days, whereas constant relative growth rate (0.05 day') was 
recorded after 14 days on Adenin sulphate Smg/l and 0.04 day' on 
Adenin sulphate lOmg/1 supplemented medium after 21 days (Table-18). 
4.2.3 Ocimum sanctum 
4.2.3.1 Effect of Auxins on Callus Growth of Ocimum sanctum 
The hormonal effects on callus growth of Ocimum sanctum have 
been investigated. Initially 160 + lOmg callus mass was inoculated in 
vials containing lAA, NAA, 2,4-D and IBA (1, 3 & 5mg/l each), and 
MS + Kn 0.05mg/l was used as control. 
• 
The growth was very slow in control set. In the I, D, ID, IV and 
V weeks the fresh weight was 200mg, 289mg, 415mg, 600mg, 796mg 
and dry weight was 13mg, 16mg, 28mg, 45mg and 61 mg respectively. 
In the first and fifth weeks the relative growth rate was 
minimum (0.03 day"') while in between it was (0.04 day') at a 
constant rate. 
lAA 3mg/l proved to be the best in terms of fresh weight 
220mg, 489mg, 745mg, 1013mg, 1242mg and gains in dry weight 
17mg, 34mg, 50mg, 66mg and 79mg upto fifth week respectively 
(Fig. 11-A). In the first three weeks fresh weight was more in lAA 
lmg/1 as compared to 5mg/l but dry weight was more in the latter, 
and after fourth and fifth weeks it was noticed that both fresh and 
dry weight increased in 5mg/l supplemented medium as compared to 
lmg/1 supplemented medium. 
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In the first week the relative growth rate was more (0.05 day') 
in lower concentrations (l,3mg/l) followed by 0.04 day' in higher 
concentration (5mg/l) but it was same 0.08 and 0.07 in the second 
and third week respectively in all the three concentrations, while in 
the fourth and fifth weeks both 3 & 5mg/l showed similar response 
i.e. 0.07 day' and 0.06 day"' respectively. 
On NAA (1, 3 and 5mg/l) supplemented media a very fast 
growth in calli was observed, and it was noticed that with the 
increase in the concentration growth in callus was significantly 
increased. It was 1363mg, 1589mg, 2079mg in terms of fresh weight 
and 107mg, 123mg, 165mg in terms of dry weight respectively at the 
end of 35 days of incubation. On NAA (5mg/l) supplemented medium 
fastest growth was observed with fresh weight 300mg, 643mg, 
1163mg, 1642mg and 2079mg and dry weight 26mg, 52mg, 89mg, 
142mg and 165mg respectively in 7, 14, 21, 28 and 35 days of 
incubation (Fig. 11-B). In the first and second week of incubation 
maximum fresh weight was obtained on NAA (5mg/l) supplemented 
media. While on NAA 1 & 3mg/l fastest growth occurred in the 
second week i.e. 525mg and 563mg respectively. 
Maximum relative growth rate was observed in NAA 5mg/l 
supplemented medium. In the first week it was 0.09 day' which 
increased to 0.1 day' in the second week and again decreased to 0.09 
in the third week and to 0.08 in the fourth and fifth weeks. The 
minimum growth rate (0.05 day') was noticed in the first week on 
NAA lmg/1 supplemented medium. In the third and fourth weeks the 
growth rate was similar(0.08 and 0.07 day') in both 1 & 3mg/l 
respectively. 
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Among 2,4-D (1, 3 and 5mg/l) supplemented media it was 
observed that 3mg/l concentration was optimum for satisfactory 
callus growth (Fig. 11-C). However, with the increase or decrease 
in the said concentration the growth kinetics decreased and maximum 
decrease was noticed in lower concentration (lmg/1) than the higher 
concentration (5mg/l). The gain in dry weight matter was also in 
accordance with the gain in fresh weight i.e. higher in 3mg/l followed 
by 5mg/l and lmg/1. The growth pattern upto the 4* week was 3mg/l 
> 5mg/l >lmg/1 and with fresh weight 842mg, 787mg, 700mg and dry 
weight 80, 70, 93 respectively, but at the end of fifth week it was 
3mg/l > lmg/1 > 5mg/l with fresh weight lllOmg, 946mg, 912mg 
respectively and 3mg/l > 5mg/l > lmg/1 with dry weight gain of 
98mg, 81mg, 79mg respectively. 
Relative growth rate (0.08 day') was maximum in the second 
week in 3mg/l supplemented medium followed by 0.07 day' in 5mg/l 
and 0.06 day' in lmg/1 respectively. Minimum relative growth rate 
(0.04 day') was in the first week in lmg/1 supplemented medium 
followed by 5 & 3mg/l. 
On IBA (1,3 and 5mg/l) supplemented media slightly better 
response was observed as compared to 2,4-D. In all the three 
concentrations the growth response increased upto the third weeks 
afterwards slightly decreased upto the 5* week. Gain in fresh and dry 
weight increased with the increase in the concentration. It was 
1145mg, 1357mg, 1572mg (Fig. 11-D) in terms of fresh weight and 
88mg, 96mg and 134mg respectively in terms of dry weight after 
incubation of 35 days. Fast growth in callus was noticed in the first 
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and second weeks on IBA 5mg/l supplemented medium while in 3mg/l 
and lmg/1 similar results were obtained in the second week. 
The maximum relative growth rate 0.09 day"' was noticed in all 
the three concentrations in the second week in 5mg/l followed by 
0.08 day' in both 3 & lmg/1. In the third and fourth weeks the 
relative growth rate (0.08 day"', 0.07 day"') was similar in 3 & 5 mg/ 
1 respectively while between 1 & 3mg/l it was equal (0.08 day') in 
second week and 0.06 day"' in the fifth week (Table-19). 
4.2.3.2 Effect of Cytokinins on Callus Growth in Ocimum sanctum 
Callus growth on control set was very slow and in 7, 14, 21, 
28 and 35 days after incubation the fresh weight recorded was 225mg, 
337mg, 465mg, 625mg, 813mg and dry weight 18mg, 28mg, 37mg, 
48mg, 62mg respectively. The relative growth rate was 0.04 day' in 
the first week and in the second and third week it increased to 0.05 
day'. Later, it became 0.04 day' in the fourth and fifth weeks. 
On BAP (1,3 & 5mg/l) supplemented media, 5mg/l concentration 
supported best callus growth in the first week with the gain of 3 fold 
in the fi-esh weight and about 4-5 fold increase in dry weight (Fig. 11-E). 
After second week it decreased significantly and remained 2 fold in 
fresh weight and 3 fold in dry weight gain as compared to control 
set. The fresh weight recorded upto 35 days was 939mg, 1044mg, 
1747mg and dry weight 72mg, 96mg, 179mg respectively on 1, 3 & 
5mg/l supplemented media, while in the first week it was 300mg, 
319mg 549mg in terms of fresh and dry weight recorded as 25mg, 
29mg, 46mg respectively. On lmg/1 supplemented mediun growth in 
•callus became faster in the third week. Later, it decreased significantly 
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upto 35 days. Whereas on 3mg/l supplemented medium callus growth 
steadily decreased from first to fifth week. 
The maximum relative growth rate was 0.18 day^ in the first 
week on 5mg/l supplemented medium and remained 0.11 day' in 
the second week followed by 0.09 day' in 3mg/l and 0.09 day' in 
lmg/1 in the first and third weeks respectively. 
A significant increase in fresh and dry weight was also observed 
in all the three concentrations of Kn (1, 3 & 5mg/l) and upto 35 
days it was 1003mg, 1369mg and 1563mg and 83mg, 149mg, 152mg 
in terms of fresh and dry weight respectively (Fig. 11-F). Maximum 
growth in callus mass was noticed in the first week on 3 & 5mg/l 
supplemented media, afterwards it decreased to 0.08 day"' in 3mg/l and 
0.09 day' in 5mg/l in second and third weeks. 
Relative growth rate was maximum (0.1 day') in the first week 
both in 5 & 3mg/l supplemented media. In the second and third week 
it was 0.08 day' in 3mg/l and 0.09 day' in 5mg/l. While on Kn lmg/1 
relative growth rate was similar (0.07 day') in first two weeks, 0.06 
day' in the third and 0.05 day*' in fouth & fifth weeks, which was 
lowest among three concentrations studied. 
Ads (lOmg/1) proved to be the best for callus growth as 
compared to other cytokinins used. The pattern of growth was lOmg/I 
> 15mg/l > 5mg/l from first to fifth week with respect to time. At 
the end of 35 days the fresh weight recorded was 1023, 2029mg, 
1389mg and dry weight 81mg, 200mg and 132mg in 5, 10 & 15mg/l 
respectively (Fig. 11-G). Among three concentrations fastest growth in 
callus in terms of fresh and dry weight was observed in the first week 
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on lOmg/1 followed by 15mg/l in the second week. 
The relative growth rate was also maximum (0.11 day') in the 
first week on lOmg/1 followed by 0.09 day"' in the second week in 
both 10 & 15mg/l. In lOmg/1 the relative growth rate remained higher 
upto 35 days as compared to 15mg/l and 5mg/l respectively (Table-20). 
4.2.4 Dalbergia sissoo 
4.2.4.1 Effect of Auxins on Callus Growth in Dalbergia sissoo 
Initially 200 + lOmg callus mass of D. sissoo was inoculated 
in each culture vials containg MS basal medium supplemented with 
various auxins or cytokinins. Basal medium containing 0.05mg/l 
kinetin or 0.05mg/l lAA was considered as control. 
On control medium (MS + Kn 0.05mg/l) the fresh weight of 
calli after 7, 14, 21, 28 and 35 days of incubation was recorded as 
276mg, 363mg, 519mg 747mg and 894mg and dry matter weight 
19mg, 26mg, 37mg, 49mg and 58mg respectively. It has been 
observed that relative growth rate 0.04 day' was constant except in the 
fourth week (0.05 day'). 
In lAA 1, 3 & 5mg/l supplemented media maximum callus 
growth in terms of fresh weight as well as dry weight was noticed at 
a higher concentration (5mg/l) followed by lower concentrations (3mg/ 
1 & lmg/1). The fresh weight after 35 days of incubation was 
recorded as 1413mg, 1372mg, 1179mg and dry weight 112mg, 91mg 
71mg in 5mg/l, 3mg/l and lmg/1 supplemented media respectively. 
The relative growth rate (0.04 day ' ) in lAA (lmg/1) 
supplemented medium was constant upto second week. Later it 
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increased to 0.05 day' in the third week and remained constant upto 
35 days. Whereas, relative growth rate in the first and second week 
was recorded as 0.05 day' which increased to 0.06 day' in the third 
week and again droped to 0.05 day"' upto 5th week on medium 
augmented with lAA 3mg/l. But in lAA 5mg/l supplemented medium 
fast growth in callus was recorded after first week which was at a 
constant rate of 0.06 day"' upto fourth week and slowed down to 0.05 
day*' in the fifth week. 
The best callus growth was noticed in all the concentrations of 
NAA weighing 1413mg, 1607mg & 3609mg in terms of fresh weight 
and 112mg, 126mg, 138mg in terms of dry weight respectively at the 
end of fifth week. Very fast growth in callus took place in NAA (5mg/ 
1) supplemented medium with fresh weight 375mg, 846mg, 1484mg, 
2346mg and 3609mg and dry weight 31mg, 73mg, 130mg, 178mg and 
204mg in I, 11, III, IV and V weeks respectively (Fig. 12-A). With the 
decrease in the concentrations, the fresh and dry weight also 
decreased. Remarkably slow growth was noticed in both 3mg/l and 
lmg/1 as compared to 5mg/l supplemented medium, while steady 
decrease was noticed in 3mg/l and lmg/1 supplemented media. 
Maximum relative growth 0.08 day"', 0.1 day', 0.09 day', 0.09 
day' and 0.08 day' was observed in 5mg/l supplemented medium in I, 
II, III, IV and V weeks respectively. In the second week steady 
increase in relative growth rate 0.08 day"', 0.09 day' and 0.1 day' 
was observed with the increase in the concentrations. Whereas, the 
growth rate (0.07 and 0.06 day' respectively) in the first and fourth 
week was same in 1 & 3mg/l in the first, third & fourth weeks 
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respectively and in the fifth week it was 0.05 and 0.06 day' in 1 & 
3mg/l respectively (Table-21). 
Slightly faster growth in callus was observed on 2,4-D 
supplemented medium as compared to lAA and at the end of 35 days 
the fresh weight was recorded as 1188mg, 1246mg and 1689mg with 
dry weight 94, 97 and 117mg in 1, 3 and 5mg/l supplemented media 
respectively. It has been evaluated that with the increase in 
concentration the fresh and dry weights also increased with slight 
variation except in the fifth week in which remarkable growth was 
noticed in terms of fresh and dry weight. In all the three 
concentrations tested maximum relative growth rate 0.08 day' was 
observed in 2,4-D 5mg/l followed by 0.07 day' in 3mg/l . 
On 2,4-D lmg/1 the maximum relative growth rate 0.06 day' 
was noticed in the third week while in II, IV and V weeks it was 
constant (0.05 day') and minimum (0.04 day"') in the I week. The 
relative growth rate was equal in 1st and fourth weeks in 3 & 5mg/l 
whereas similarity in the relative growth rate 0.06 day' and 0.05 day 
' was noticed between second and fifth weeks in 1 & 3mg/l 
respectively. 
Steady increase in callus growth was observed in IBA 
supplemented media with the increase in concentration. At the end of 
35 days of incubation fresh weight was recorded as 972mg, 1296mg, 
1691mg and dry weight 59mg, 90mg and 113mg respectively (Fig. 12-B). 
The relative growth rate was same in the first week in all three 
combinations. In 3 and 5mg/l supplemented media abrupt increase in 
relative growth rate (0.06 day ' ) was noticed in the second week 
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which continued upto 35 days (Table-21). 
4.2A.1 Effect of Cytokinins on Callus Growth in Dalbergia sissoo 
On MS + lAA (0.05mg/l) (Control) the fresh and dry weight 
were recorded as 264mg, 346mg, 478mg, 614nig, 747mg and 14mg 
25mg, 32mg, 40mg and 53mg respectively in 7,14, 21, 28 and 35 
days after incubation. The relative growth rate (0.03 day') was 
minimum in the first week and remained constant (0.04 day') 
upto the fifth week. 
On media supplemented with BAP (1, 3 and 5mg/l) very fast 
callus growth was observed as compared to other cytokinins. 
Increase in the concentrations of hormones favoured faster growth in 
calli and in the fifth week the fresh weight was 1547mg, 1704mg and 
2344mg and dry weight was recorded as 87mg, 92mg and 119mg 
respectively. In BAP (5mg/l) faster growth in callus was observed 
from first week and further increased in the second week and 
remained constant upto fourth week, afterwards decreased (Fig. 12-D). 
In BAP 1 & 3mg/l supplemented media callus growth was minimum in 
the first week but accelerated in the second week and remained 
constant upto fourth week in 3mg/l and upto third week in lmg/1. Gain 
in dry weight was maximum in lower concentrations (1 & 3mg/l) as 
compared to higher concentration (5mg/l) (Table-22). 
Relative growth rate (0.08 day ' ) was maximum in 5mg/l 
supplemented medium from second to fourth week while minimum 
relative growth rate was noticed in the first week in both 1 & 3mg/l 
augmented media. Abrupt increase in relative growth rate (0.07 day') 
was noticed in the second week in both 1 & 3mg/l. It was constant 
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upto fourth week in the latter while in lmg/1 it was constant upto 
third week. In the fifth week the relative growth rate was 0.06, 0.06 
and 0.07 day' in 1, 3 and 5mg/l respectively, which is in accordance 
with fresh and dry weight. 
In kinetin (1,3 & 5mg/l) supplemented media the growth rate 
was slower than BAP and gained fresh weight as 937mg, 1412mg, 
1874mg and dry weight 62mg, 83mg 97mg respectively after 35 
days of incubation (Fig. 12-C). Maximum growth in fresh weight 
878mg, 816mg and 621mg was noticed in the third week in 5mg/l, 
3mg/l and lmg/1 respectively. Gain in dry weight was maximum in 
3mg/l supplemented medium followed by 5mg/l and lmg/1 (Table-22). 
Relative growth rate 0.07 day' was maximum in the third week 
in 5mg/l supplemented medium followed by 0.06 day' in 3mg/l and 
0.05 day' in lmg/1. Minimum relative growth rate 0.04 day' was in 
the first and fifth weeks in 1 & 3mg/l supplemented media. 
Poor growth response was observed on Ads (5, 10, 15mg/l) 
supplemented media and upto 35 days it was only 967mg, 1078mg 
1159mg in terms of fresh weight and 59mg, 69mg, 72mg in terms of 
dry weight respectively. Among three concentrations 10 and 15mg/l 
showed similar growth kinetics while on 5mg/l it was still slower 
(Fig. 12-E). 
The relative growth rate (0.04 day"') was very poor in the first 
week in all the three concentrations while slightly increased (0.05 
day"') in the second week in 10 & 15nig/l and remained constant upto 
fifth week (Table-22). v / \ ) : :^-^- i ; 
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4.3 Xylogenesis 
The MS medium was supplemented with auxins (lAA, IBA, NAA 
and 2,4-D) and cytokinins (Kn, BAP and Ads) to study their effects on 
the growth and differentiation of tracheary elements in the subcultured 
calli of //. anmms, B. juncea, O. sanctum, M. arvensis, D. sissoo 
and C. sativa. 
4.3.1 Helianthus annuus 
4.3.1.1 Effect of Axuins or Auxin/Cytokinin 
Among single auxin treatments NAA (1,2 & 5 mg/1) and lAA (1, 
2 & 5mg/l) showed better response for xylogenesis, which started 
after 4 weeks of subculturing. While on IBA containing media 
xylogenesis was poor and started after fifth week of subculture. 
Supplement of 2,4-D was ineffective (Table-23). 
The addition of Kn (0.5mg/l) to auxins augmented media 
improved xylogenesis. The response of IBA or lAA + Kn (0.5mg/l) 
augmented media for xylogenesis was better than 2,4-D or NAA + Kn 
(0.5mg/l). The best response for the xylogenesis was observed on 
higher concentration of IBA (2 or 5 mg/1) + Kn (0.5 mg/1) augmented 
medium with a large number of xylem cells arranged compactly (Fig. 
13-A). Higher concentration of lAA also exhibited similar response 
but the tracheary cells were scantily distributed (Fig. 13-B). On 2,4-
D (1 & 2mg/l) alongwith Kn (0.5mg/l) supplemented medium 
differentiation of xylem cells started in the third week after 
subculturing. The higher concentration of 2,4-D (5mg/l) played 
inhibitory effect on xylem cells differentiation and delayed induction 
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of xylogenesis. 
Differentiation of xylem cells with few tracheary cells on NAA 
+ Kn (O.Smg/l) containing media started in the second week. 
The two auxin supplement, alongwith Kn (0.5mg/l) also displayed 
a good response, out of which 2,4-D (2mg/l) + NAA (lmg/1) + Kn 
(0.5mg/l) was proved to be the best (Fig. 13-C). On this medium 
xylogenesis started in the first week after incubation. In all the three 
combinations xylogenesis occured in several localized regions (Table-23). 
4.3.1.2 Effect of Cytokinins or Cytokinin/Auxin 
Among single cytokinin treatments, all the concentrations of 
BAP showed good response for xylogenesis while Kn exhibited poor 
response. On higher concentration of BAP (5mg/l) xylogenesis 
started in the third week followed by lower concentrations, whereas 
on Kn augmented media xylogenesis was delayed and was observed in 
the fifth week. All the concentrations of Ads (5, 10 or 15mg/l) were 
ineffective for xylogenesis (Table-24). 
Addition of LAA (0.5mg/l) to the above said cytokinin containing 
media enhanced the tracheary cells differentiation. On BAP (5mgl/l) + 
lAA (0.5mg/l) augmented medium xylogenesis started in the D"** week 
after subculturing and compactly arranged cells were observed. The 
xylogenic response decreased with the decrease in BAP concentration. 
Higher concentration of Kn (5mg/l) alongwith lAA (0.5mg/l) also 
exhibited good response for xylogenesis which was observed in the 
fourth week after subculturing. The tracheary cells were lesser in 
number as compared to BAP containing media and similarly decreased 
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with the decrease in Kn concentration. Addition of lAA (0.5mg/l) to 
Ads (5, 10 or 15mg/l) containing media could not improve the 
xylogenic effect, but on Ads (lOmg/1) + lAA (0.5mg/l) a few 
tracheary cells differentiated in the fourth week. 
Two cytokinins combination alongwith lAA (0.5mg/l) proved to 
be the best medium for early and faster xylem cells differentiation. 
Combination of BAP (2mg/l) + Kn (lmg/1) + lAA (0.5mg/l) in the 
medium showed tracheary differentiation in the first week of 
incubation (Fig. 13-D). Similar response was also exhibited on Kn 
(2mg/l) + BAP (lmg/1) + lAA (0.5mg/l), but higher BAP concentration 
favoured larger number of xylem cells differentiation with compact 
arrangement. Supplement of Kn (lmg/1) or BAP (Imgl) to the Ads (5mg/l) 
+ lAA (0.5mg/l) augmented media improved the response and showed 
xylogenesis in the third week after incubation (Table-24). 
4.3.2 Brassica juncea 
4.3.2.1 Effect of Auxins or Auxin/Cytokinin 
In Brassica juncea calli the single auxin treatments were 
ineffective for xylogenesis but the addition of Kn (0.5mg/l) improved 
the response. Early xylogenesis (within two weeks) was observed on 
NAA (lmg/1) + Kn (0.5mg/l) with larger number of xylen cells 
followed by higher concentrations of NAA with delayed xylogenesis 
(3'^ '' week after subculturing). However, on IBA & Kn combination 
xylogenic response increased with the increase in IBA concentration. In 
all the three IBA concentrations xylogenesis started at the same time 
i.e. Ilnd week after incubation. On higher concentration of IBA xylen 
cells aggregated in localized regions whereas on lower concentrations 
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intermixed with normal cells. All the concentrations of lAA or 2,4-D 
+ Kn (0.5mg/l) could not improve xylogenic response and showed 
xylogenesis in the fifth week after subculturing. However 2,4-D (2mg/ 
1) alongwith NAA (lmg/1) + Kn (0.5mg/l) showed good response for 
xylogenesis after second week of incubation. Remarkable xylogenesis 
was also observed on other two auxins containing media in the 3"* 
week of incubation (Table-23). 
4.3.2.2 Effect of Cytokinins or Cytokinin/Auxin 
Xylogenesis took place in all the concentrations of single 
cytokinin supplemented media. BAP (2 & 5mg/l) proved to be better 
single cytokinin which induced xylogenesis in the third week after 
subculturing, with few tracheary cells differentiation (TabIe-24). 
Addition of LAA (0.5mg/l) to single cytokinin containing media 
improved the xylogenic response considerably and proved superior to 
auxins containing media. The best combination was BAP + lAA 
followed by others. Higher concentration of BAP (2 & 5mg/l) 
alongwith lAA (0.5mg/l) was most effective supplement and induced 
xylogenesis in the first week. Whereas among Kn + lAA containing 
media, the optimum concentration of the Kn was (2mg/l) alongwith 
lAA (0.5mg/l) and xylogenesis was induced in the second week after 
subculturing. Above or below (2mg/l) of Kn showed poor response. 
Good response for xylogenesis was also noticed on Ads + lAA 
(0.5mg/l) containing media. On all the concentrations of Ads plus LAA 
(0.5mg/l) xylogenesis started in the third week of incubation and 
tracheary cells were observed intermixed with normal cells. 
The best xylem cell differentiation was observed on the media 
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containing two cytokinins alongwith lAA (0.5mg/l). On BAP (2mg/l) + 
Kn (lmg/1) + lAA (0.5mg/l) xylogenesis started in the first week of 
subculturing and the cells were compactly arranged (Fig. 14-A). 
Similar response was also noticed on Kn (2mg/l) + BAP (lmg/1) + 
lAA (0.5mg/l) supplemented medium. Addition of BAP or Kn (lmg/1) 
to Ads (5mg/l) did not improve the tracheary cell differentiation 
(Table-24). 
4.3.3 Ocimum sanctum 
4.3.3.1 Effect of Auxins or Auxin/Cytokinin 
In O. sanctum single auxin or cytokinin treatment was not much 
effective for xylogenesis in subcultured calli. NAA (5mg/l) 
supplemented medium was better among other auxins containing 
media. On this medium xylogenesis was observed 4'*' week after 
subculturing, whereas among cytokinins, BAP (2 & 5mg/l) augmented 
media showed better response and induced xylogenesis in the third 
week (Table-23). 
The effect of auxins for xylogenesis improved significantly with 
the addition of Kn (0.5mg/l). lAA (2mg/l) + Kn (0.5mg/l) proved to 
be the best medium among higher auxin containing media and started 
xylogenesis in the second week of incubation. On this medium 
tracheary cells were compactly arranged. The other two combinations 
of lAA also showed better response and xylogenesis displayed in the 
third week. On NAA (1,2 or 5mg/l) + Kn (0.5mg/l) containing media 
xylogenic response increased with the increase in the NAA 
concentration. Xylem cells differentiation was started in the third 
week on NAA (5mg/l) + Kn (0.5mg/l) followed by NAA (2 or lmg/1) 
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+ Kn (0.5mg/l) in the fourth week. The tracheary cells were 
compactly arranged on all the three NAA containing media. On IBA 
(1, 2 or 5 mg/1) + Kn (0.5mg/l) augmented media evenly distributed 
tracheid differentiation started in the 4*^  week, and number of xylem 
cells increased with the increase in the IBA concentration. The 
xylogenic response of 2,4-D could not improve even after addition of 
Kn (O.SmgA). However, 2,4-D (2TngA) m combination with lAA (ImgA) 
+ Kn (0.5mg/l) exhibited remarkable improvement for xylogenesis. On 
this medium xylogenesis started in the third week and xylem cells 
were compactly arranged in localized regions (Fig. 14-B). Addition of 
IBA or NAA (lmg/1) to 2,4-D augmented medium did not improve 
xylogenic effects (TabIe-23). 
4.3.3.2. Effect of Cytokinins or Cytokinin/Auxin 
Addition of lAA (0.5mg/l) to the cytokinin containing media 
enhanced xylogenic effects. Best xylogenesis was observed on BAP 
or Ads containing media. On BAP (2mg/l) + lAA (0.5mg/l) 
augmented medium xylogenesis was observed in the second week of 
subculture and a large number of differentiating xylem cells were 
observed (Fig. 14-C). The number of tracheary cells decreased on 
increasing or decreasing the concentration of BAP. The tracheary cells 
were compactly arranged on these media. Among Ads containing media 
the optimum response was observed on Ads (lOmg/1) + lAA (0.5mg/l) 
followed by Ads (5 or 15mg/l) + lAA (0.5mg/l). Differentiation of 
xylem cells started in the third week after subculturing and trachear>' 
cells were evenly distributed. Good xylogenesis was also observed on 
Kn (1, 2 or 5mg/l) + lAA (0.5mg/l) supplemented media, but inferior 
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to BAP or Ads. Xylogenesis was induced in the 4"" week of 
subculturing on this medium and lesser number of tracheary cells were 
observed. 
Two cytokinin supplements alongwith lAA (0.5mg/l) could not 
improve xylogenic response but triggered the early induction of 
xylogenesis. On BAP (2mg/l) + Kn (Img/l) + lAA (0.5mg/l) 
xylogenesis was induced in the first week with a larger number of 
xylem cells, followed by Kn (2mg/l) + BAP (lmg/1) + lAA (0.5mg/ 
1). Combination of Ads (5mg/l) with BAP (lmg/1) or Kn (lmg/1) could 
not improve xylogenic response (Table-24). 
4.3.4 Dalbergia sissoo 
4.3.4.1 Effect of Auxins or Auxin/Cytokinin 
The subcultured calli of D. sissoo exhibited very poor response 
of xylogenesis on single auxin containing medium but the addition of 
Kn (0.5mg/l) to the auxin containing media improved xylogenesis. 
Higher concentration of IBA or NAA (2 or 5mg/l) alongwith Kn 
(0.5mg/l) responded better and induced xylogenesis in the second week 
of incubation followed by lower concentration (lmg/1) of IBA or 
NAA. On both the combinations the number of xylem cells increased 
with the increase in the concentration of IBA or NAA and the 
tracheary cells were evenly distributed (Fig. 14-D). Higher concentration 
of lAA was also good for xylogenesis with compact arrangement of 
tracheary cells. Effect of 2,4-D was slightly improved with the 
addition of the Kn (0.5mg/l) and on 2,4-D (2mg/l) + Kn (0.5mg/l) 
augmented medium few tracheary cells were differentiated in the 4"* 
week of subculturing (Table-23). 
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Two auxin supplements alongwith Kn (0.5mg/l) exhibited better 
xylogenesis than single auxin alongwith Kn (0.5mg/l) containing media. 
On 2,4-D (2mg/l) + NAA (lmg/1) + Kn (0.5mg/l) augmented medium 
very good xylogenesis occured followed by other combinations. On all 
the three media xylogenesis was observed in the third week and only 
few xylem cells were observed (Table-23). 
4.3.4.2 Effect of Cytokinins or Cytokinin/Auxin 
Single cytokinin supplement to the media induced xylogenesis in 
the 4''* or S'*" week of incubation and only few xylem cells 
differentiated. The response of single cytokinin was enhanced with 
the addition of lAA (0.5mg/l) to the medium. Higher concentrations 
of Kn or BAP showed good xylogenesis which started in the II""* 
week of subculturing followed by lower concentrations. Combination 
of Ads (5, 10 & 15mg/l) and lAA (0.5mg/l) was least effective and 
only few tracheary cells were observed in the fifth week of incubation. 
Combination of two cytokinins alongwith lAA (0.5mg/l) proved 
to be better for xylogenesis. Best combination evaluated was BAP 
(2mg/l) + Kn (lmg/1) + lAA (0.5mg/l) which induced xylem cells 
differentiation within second week of incubation. Number of tracheary 
cells was more as compared to other combinations tested (Table-24). 
4.3.5 Mentha arvensis 
4.3.5.1 Effect of Auxins or Auxin/Cytokinin 
Single auxin treatment to MS medium at various concentrations 
(1,2 and 5mg/l) showed varied response for xylogenesis in Mentha 
arvensis. 2,4-D was least effective auxin in all the concentrations 
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tested. Whereas lAA and IBA (2mg/l or 5mg/l) showed better 
response and differentiation started in the 4* week of subculturing. 
Comparatively more xylem cells were observed on lAA containing 
media than IBA supplemented media. Higher concentration of NAA 
(5mg/l) also exhibited good xylogenesis (Table-23). 
Xylogenic response of auxins was improved with the addition of 
Kn (0.5mg/l) to the media. On IBA (2 and 5mg/l) + Kn (0.5mg/l) 
augmented media xylogenesis was induced in the second week after 
subculturing. Number of tracheary cells differentiation decreased with 
the decrease in IBA concentration. Similar xylogenic response was 
exhibited by lAA containing media (Fig. 15-A). Xylem cells 
differentiation started in the second week but the number of xylem 
cells was less as compared to IBA containing media. Effect of NAA 
was also improved with the addition of Kn (0.5mg/l) and at 5mg/l of 
NAA xylogenesis was induced in the second week followed by lower 
concentration. On this medium the xylem cells were scantily 
distributed. 
Xylogenic effects of 2,4-D could not be improved even after 
addition of Kn (0.5mg/l). However, 2,4-D (2mg/l) + Kn (0.5mg/l) in 
combination with lAA (lmg/1) or IBA (lmg/1) improved its xylogenic 
response and differentiation started in the second week after 
subculturing. Larger number of xylem cells was exhibited on 2,4-D 
(2mg/l) + lAA (lmg/1) + Kn (0.5mg/l) followed by IBA and NAA 
additives (Table-23). 
4.3.5.2 Effect of Cytokinins or Cytokinin/Auxin 
Single cytokinin treatment was not much effective for 
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xylogenesis and only higher concentration of BAP or Kn (5mg/l) 
showed good xylogenic response, and induction of xylogenesis was 
observed in the 4'*' week of incubation. Ads was the least effective 
cytokinin (Table-24). 
Addition of lAA (0.5mg/l) to the cytokinin containing media 
improved xylogenic response considerably. Higher concentration of 
both Kn & BAP was best and induced xylogenesis in the second week 
of incubation. Maximum number of tracheary cells were observed on 
Kn supplemented media as compared to BAP. On both the 
combinations xylem cells exhibited compact arrangement. The 
xylogenic effect of Ads could not be improved even after addition of 
lAA (0.5mg/l). 
Combination of two cytokinins alongwith lAA (0.5mg/l) proved 
to be most effective treatment among all the above said combinations. 
On BAP (2mg/l) + Kn (lmg/1) + lAA (0.5mg/l) augmented medium 
xylogenesis was induced in the first week of incubation, with large 
number of evenly distributed xylem cells (Tab!e-24). 
4.3.6 Cannabis sativa 
4.3.6.1 Effect of Auxins or Auxin/Cytokinin 
The subcultured calli of C. sativa exhibited good xylogenic 
response on MS medium augmented with various auxins. NAA 
containing media induced early xylogenesis at higher concentration 
(5mg/l) followed by lower concentrations. IBA and lAA containing 
media also exhibited good xylem cells differentiation in the second 
week of incubation. Addition of 2,4-D exhibited best response in C. 
sativa as compared to other plants studied. On 2,4-D (2mg/l) 
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xylogenesis started in the third week after subculturing and compactly 
arranged and localized tracheary cells were observed (Table-23). 
The xylogenic effects of auxins further improved with the 
addition of Kn (0.5mg/l) to the auxin containing media. On IBA 
(2mg/l) + Kn (0.5mg/l) and NAA (2mg/l) + Kn (0.5mg/l) augmented 
media xylogenesis was optimum and started in the first week after 
subculturing v^th a very large number of evenly distributed xylem 
cells (Fig. 15-B). Number of xylem cells differentiation was 
decreased on altering the concentration of IBA or NAA. Whereas on 
lAA (l,2mg/l) supplemented media the xylem cell differentiation 
increased with the increase in lAA concentration. Increase in 
concentration did not affect the incubation period and all the 
concentrations showed induction of xylogenesis in the third week of 
subculturing. 
Similar trend of xylem cells differentiation was observed on 
2,4-D containing media and at higher concentrations differentiation 
started in the II"** week. On this medium localised tracheary cells 
differentiation was exhibited. The 2,4-D (2mg/l) + Kn (0.5mg/l) 
containing media when further supplemented with other auxins 
exhibited large number of xylem cell differentiation. On 2,4-D (2mg/l) 
+ LAA (lmg/1) + Kn (0.5mg/l) augmented medium xylogenesis induced 
in the first week followed by lAA or NAA supplement. In all the 
three combinations localized xylem cells differentiation was noticed 
(Fig. 15-C,D, TabIe-23) 
4.3.6.2 Effect of Cytokinins or Cytokinin/Auxin : 
Single cytokinin treatment was least effective for xylogenesis in 
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C. sativa. Only BAP showed some response at higher concentration 
and few xylem cell differentiated in the fourth week. 
Addition of lAA (0.5mg/l) to the cytokinin containing media 
slightly enhanced the xylem cells differentiation. On BAP (2 or 
5mg/l) + lAA (0.5mg/l) supplemented medium xylogenesis started in 
the third week followed by lower concentration. Among the Kn 
containing media only Kn (5mg/l) + lAA (0.5mg/l) proved to be 
better for xylogenesis, whereas Ads (5mg/l) + lAA (0.5mg/l) was 
able to induced some treachery cells differentiation with delayed 
response 5"* week after subculture. 
Synergistic effect of two cytokinins alongwith LAA (0.5mg/l) was 
better studied on BAP (2mg/l) + Kn (lmg/1) + lAA (0.5mg/l) 
followed by other combinations (Table-24). 
4.4 Rhizogenesis 
The rhizogenesis directly from explants and from calli was 
studied in response of various Auxins and Cytokinins supplemented 
MS medium with 2% sucrose. Rhizogenesis from explants was 
observed in a wide range of incubation period ranging from I" week to 
4"" week, depending upon the hormonal combination and concentrations. 
From subcultured calli rhizogenesis started after II'"' week of 
incubation with short variation of time depending upon hormonal 
response. Branching frequency of roots varied considerably with 
hormonal combinations and concentrations. On MS basal medium 
rhizogenesis did not occur either from explants or calli. On MS basal 
medium fortified with different Auxins (lAA, IBA, NAA, 2,4-D, 1,2-
4mg/l each) singly, root regeneration was observed and that triggered 
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when a smaller concentration of cytokinin was also added to the 
medium. MS/2 medium proved better for some plants. 
4,4.1 Helianthus annuus 
4.4.1.1 Effect of Auxins or Auxin/Cytokinin 
Among auxin supplemented media without addition of cytokinins, 
IBA(2mg/l) proved to be best for root differentiation from leaf 
explants. Root induction with moderate branching started 8*^  day after 
inoculation whereas IB A (lmg/1) was the best for rhizogenesis from 
shoot tip and IDA (2 & 4 mg/1) from cotyledons. However the 
branching in root was less. Root regeneration from calli was observed 
better on NAA (4 mg/1) supplemented medium, which was observed 
after 32 days of incubation. 2,4-D (1,2 or 4mg/l) could not induce 
rhizogenesis from any explant except leaf at 4mg/l concentration, 
which was noticed after 20* day of inoculation. Hence among single 
auxin treatment, IBA in all concentrations proved better for 
rhizogenesis from all explants and NAA 2 & 4mg/l was better for 
rhizogenesis from calli. 
When the medium was augmented with auxins (1,2, & 4mg/l) 
plus small concentration of Kn (0.5mg/l), rhizogenesis was induced 
from all explant except on 2,4-D. An early rhizogenesis from leaf 
explants was observed on NAA 2mg/l + Kn 0.05mg/ supplemented 
medium 6 days after inoculation and profuse branching was also 
observed (Fig. 16-A). Whereas after 10th day of inoculation 
rhizogenesis was observed from shoot tip explant on NAA 2mg/l 
augmented medium. Rhizogenesis from cotyledon explant was delayed 
on all the media and the response was better in higher concentrations 
Table - 25: H. annum - The response of auxins with respect to Kn for 
rhizogenesis in different explants. 
MS-fHormoncf ^ngX) 
MS+IAA, 
MS + IAA, 
MS+IAA, 
MS+IBA, 
MS + IBA, 
MS+IBA, 
MS + NAA, 
MS + NAA, 
MS + NAA, 
MS + 2,4-D, 
MS+2,4-D, 
MS + 2,4-D, 
MS + IAA,+ Kn^, 
MS + IAA,+ Kiv, 
MS + IAA,+ Kn^, 
MS + IBA, + Kii^, 
MS + IBA,+Kn„ 
MS + IBA, + Kii^, 
MS + NAA, + Kiij, 
MS + NAA,+ Kn^5 
MS + NAA,+ Kn„ 
MS + 2,4-D,+Kn„ 
MS + 2,4-D,+ Kn„ 
MS + 2,4-D,+ Kn,, 
MS + NAA, + mA^, 
MS + NAA+IBA, 
MS + NAA + LBA,, 
MS + lAA, +2,4-D,, 
MS + IAA,+2,4-D, 
MS + lAA,+2,4-D^, 
MS/2 + lAA, + Kn^, 
MS/2 + IAA. + Kii^, 
MS/2 + lAA,' + Kn^, 
MS/2 + IBA, + Kn„ 
MS/2 + IBA, + Kn„, 
MS/2 + IBA, + Kii,, 
MS/2 + NAA, + Kn^, 
MS/2 + NAA,+ Kn„ 
MS/2 + t4AA, + Kii^, 
Leaf 
++ 
++ 
++ 
+++ 
++ 
+ 
++ 
++ 
+ 
+ 
++ 
++ 
+^ -
+++ 
++ 
+ 
++++ 
++ 
-
+++ 
++ 
++ 
+ 
+ 
+ 
+ 
++ 
+ 
+ 
++ 
+++ 
+ 
+ 
+ 
Shoot tip 
+ 
++ 
++ 
+++ 
++ 
++ 
+ 
++ 
++ 
-
+ 
++ 
+ 
+++ 
++ 
+ 
++ 
+++ 
+ 
++ 
++ 
+++ 
+ 
+ 
-H-
+ 
+ 
++ 
+ 
++ 
++ 
Cotjlaion 
+ 
++ 
+ 
++ 
++ 
+ 
+ 
-
+ 
+ 
+ 
++ 
++ 
+ 
+ 
. 
+ 
+^ 
++ 
+ 
+ 
++ 
+ 
+ 
+ 
CMvs 
+ 
++ 
+ 
+ 
+ 
+++ 
-
+ 
+ 
+ 
+ 
++ 
+ 
-
++ 
+ 
+ 
+ 
+ 
+ 
++ 
+ 
^ 
No response for dmugmesLs 
Poor re^onse for ifaizogenesis 
Good response for liuzngeaesis 
\fcr> good response for duzogeoesis 
Best response for liuzogeaesis 
91 
(2 & 4mg/l) (Table-25). Whereas synergistic effect of two auxins was 
studied best in NAA 1 mg/1 + IBA 0.5mg/l combination. On this 
medium rhizogenesis started from leaf explant after 6'** day of 
inoculation and a very profuse branching in roots was observed (Fig. 16-B). 
This combination proved better in the sense that it induced 
rhizogenesis from all the explants and calli at each concentration, but 
growth in length and branching in roots was reduced significantly. 
On MS/2 medium supplemented with IBA 4mg/l + Kn 0.5mg/l 
proved to be the best for profuse root regeneration directly from leaf 
explant 9 days after inoculation and a rapid growth in roots was 
observed. Branching in roots started after 3 weeks of incubation. 
Rhizogenesis from calli on this medium was better when higher 
concentration of IBA or NAA alongwith the Kn (0.5mg/l) was used 
and rooting started after 20**' day of incubation (Fig. 16-C). Here roots 
were lesser in number and moderately branched with dense root hairs 
(TabIe-25). 
4.4.1.3 Effect of Cytokinins or Cytokinin/Auxin 
MS medium augmented with single cytokinin (BAP, Kn & Ads) 
did not exhibit significant rhizogenesis from any explant. Lower 
concentrations of BAP & Kn (lmg/1) proved better to some extent. 
Leaf and shoot tip explants started rooting on BAP (lmg/1) from cut 
end of the petiole and shoot tip after 15 and 12 days of inoculation 
respectively, whereas Kn (lmg/1) initiated rooting from cotyledon 
(Fig. 16-D), leaf and shoot tip after 10, 20 and 15 days after 
inoculation respectively, and from calli after 32 days. Significant 
results were obtained when the medium was augmented with cytokinins 
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plus lAA in various concentrations. BAP (1, 2 & 4mg/l) + lAA 
(0.5mg/l) was ineffective for the induction of rhizogenesis form any 
explant, whereas Kn (lgm/1) + lAA (0.5mg/l) induced rooting from 
leaf and shoot tips within 14 days of inoculation and Kn (2mg/l) + 
lAA (0.5mg/l) responded to leaf only and induced rooting from cut 
end after 18 days of inoculation. But BAP (Img/l) alongwith lAA 
(lmg/1) gave better response for all explants. Early rooting was 
noticed after 12 days from leaf & cotyledons followed by calli 15 
days and shoot tip 23 days after inoculation. Kn (lmg/1) + lAA (lmg/1) 
was better combination for the induction of profused rhizogenesis in 
leaf explant after 7 days of inoculation followed by shoot tip and 
cotyledon, but calli did not respond. A moderate rhizogenesis was 
observed from all explants when the Kn concentration was increased 
to 2mg/l (Fig. 16-E), but at a still higher concentration (4mg/l), 
profused rhizogenesis was induced in calli only after 20 days of 
incubation, and a faster growth in roots and branching was also 
noticed. Adenin sulphate (5mg/l) alongwith lAA (0.5mg/l) gave 
insignificant response to all explants, but 5mg/l alongwith lAA lmg/1 
induced some rhizogenesis form all explants. Early response was 
noticed in cotyledons 7 days after inoculation followed by leaf, shoot 
tip and calli with slower growth in roots, which branched rarely. The 
response decreased with the increased concentration of Ads. Only 
lOmg/1 Ads + lmg/1 lAA was responsive to leaf and shoot tip, others 
proved ineffective. 
MS/2 medium fortified with Kn (lmg/1) + IB A (0.5mg/l) proved 
better for rhizogenesis from leaf (Fig. 16-F), cotyledons and shoot 
tips, while Kn (ImgA) + lAA (0.5mg/l) or NAA (0.5mg/l) were better 
Table - 26 : H. annuus - The response of cytokinins with respect to 
lAA for rhizogenesis in different explants. 
MS+Honnones(mg/l) Lotf Shoot tip Cotykdon CiOm 
MS - BAP, 
MS - B.V, 
MS ' BAP] 
MS> Kn, 
MS- Kn, 
M S ' Knj 
MS • Ads, 
MS - .A<k,„ 
MS - Ads,, 
MS + BAP,+ I.AA„, 
M S - B A P , - IA.A„, 
MS - BAPJ-t l.AA„, 
MS- Kn, - 1A.A„. 
MS-Kn. - 1A.A„. 
MS - Knj- 1A.A„, 
MS-BAP, + IA.A, 
MS - B.\P,+ I.AA, 
MS-BAPJ+ 1.A.A, 
M S - Kn,-I.A.A, 
MS- Kn, + IA.A, 
MS-Kn] - IA.A, 
MS - Ads.- I.A.\, 
MS-Ads,„* lAA.. 
MS- A * , . - 1A.A,. 
MS - Ads, - I.AA, 
MS - .Ads,, + I.AA, 
MS * Ads,. + I.AA, 
MS 2 - Kn, + I.A.\, 
M S 2 - K n , - I . A . \ . 
MS2-Kn] + l.A.\, 
MS 2 - Kn, ^N.AA^. 
MS 2 - Kn,-^N.A.A„, 
MS2-Kn;-N.A.A„. 
M S 2 - K n , - I B . \ , 
MS 2 - K n , - I B . \ , 
M S 2 - K n ] ^ I B . \ , 
No response for rhizogenesis 
Poor response for rhizogenesis 
Good response for rhizogenesis 
\'er\ good response for rhizogenesis 
Best response for rhizogenesis 
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combination for rhizogenesis from calli. In leaf explant slight callusing 
was also observed. Addition of NAA to the medium was beneficial for 
early induction of root and also profuse branching and faster in 
growth (Table-26). 
4.4.2 Brassica juncea 
4.4.2.1 Effect of Auxins or Auxin/Cytokinin 
In B. juncea IBA (4mg/l) treatment proved to be the best 
medium for the induction of rhizogenesis from all explants and 
calli. Profuse rhizogenesis with fast growth was observed in leaf 
and cotyledon explants 4 and 5 days after inoculation respectively 
(Fig. 17-A,B)- Lower concentration of IBA (lmg/1) did not induce 
rhizogenesis from calli but 2 and 4mg/l induced moderate rooting 4 
weeks after subculture. Lower concentration of lAA exhibited poor 
response to all explants except leaf where a few roots were noticed 
after 15 days of inoculation. Whereas, higher concentrations of lAA 
exhibited early and moderate rooting from all explants and calli after 
15 days of incubation (Fig. 17-C). NAA was best in terms of 
response to all concentrations from all explants but with lesser 
number of roots (Fig. 17-D). Only 4mg/l concentration of 2,4-D 
exhibited root induction from calli 35 days after subculturing with few 
roots and very slow growth. 
The auxins alongwith Kn (0.5mg/l) exhibited good response 
except 2,4-D. Among all combinations tested NAA + Kn was best at 
all concentrations (Fig. 17-E). Calli profusely rooted on NAA (4mg/l) 
+ Kn (0.5mg/l) just after 15 days of subculturing (Fig. 17-F). Shoot tip 
explant profusely rooted on lAA (4mg/l) + Kn (0.5mg/l) augmented 
Table - 27 : B.juncea - The response of auxins with respect to Kn for 
rhizogenesis in different explants. 
[ MS + Hormones (ntgl) 
MS - 1 JLA, 
MS - I \.A, 
MS - \.\.\ 
MS+IBA, 
MS + IB.A, 
MS - IBA] 
MS > N.A.A, 
MS - N.-X-A, 
MS - N A . \ 
MS + 2.4-D, 
MS * 2.4-D, 
MS ^ 2.4-D," 
MS^ lAA,+ Kn, , 
MS^l . -VA,*!^ , , 
MS^I.A.A] + Kn, , 
M S - l B . \ ^ K n , . 
MS-IBA, + Kn„. 
M S * i B . \ + Kn„. 
MS-N.A.A,-kn„ . 
MS^ NA.A,^Kn„, 
M S - N . - V ^ ^ K n , , 
MS-^ 2.4-D,-^Kn,, 
MS ^ 2.4-D,+ Kn/, 
MS-2.4-DJ + Kn,, 
MS-N.A-A,+ I B . \ . 
MS - N.A.A, t m.\ 
MS ' N.\.A, - 1B.4,. 
MS-^IAA, + 2.4-D„, 
MS - \.\.\ * 2.4-D, 
MS >1.AA,* 2.4-D,, 
MS'2 + IA.A, + Kn, . 
M S l + lA.A, + Kn , , 
MS 2 'IA.A] + kji„, 
MS 2 - I B \ - k n „ , 
M S 2 - I B \ , - k n „ , 
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medium after 7 days of inoculation (Fig. 18-A), whereas IBA 2mg/l 
of was good for rhizogenesis from shoot tip and cotyledon. 
The best Auxin combinations for rhizogenesis were evaluated as 
NAA (lmg/1) with various concentrations of IBA (0.5, 0.1 & 1.5mg/l). 
It was also observed that with the increase in concentration of IBA 
frequency and intensity of rhizogenesis increased significantly. The 
combination of lAA and 2,4-D at a lower concentration was better for 
leaf, shoot tip and calli. Here 2,4-D supplementation at higher 
concentration played inhibitory action for root differentiation. 
IBA and Kn combination in half strength MS media again 
showed better response as compared to other combinations i.e. lAA 
+ Kn and NAA + Kn (Fig. 18-B,C, Table-27). 
4.4.2.2 Effect of Cytokinins or Cytokinin/Auxin 
BAP alone (1,2 & 4mg/l) did not exhibit any root differentiation 
in any explant while Kn (lmg/1) induced rhizogenesis in leaf and 
cotyledon explants after 15 days and 10 days of inoculation 
respectively. Whereas in callus, rhizogenesis was induced at 2mg/l 
concentration of Kn or Ads. 
Among cytokinins and auxins combinations tested only Kn 1 & 
2mg/l alongwith lAA lmg/1 proved better and profuse rhizogenesis 
displayed in leaf and cotyledon. Rooting was observed early in 
cotyledon explant 10 days after inoculation as compared to leaf and 
shoot tips 15 and 20 days after inoculation respectively. Calli could 
not respond to any concentration or combination expect BAP and LAA 
(lmg/1 each) (Fig. 18-D). Only lower concentration of Adenin 
Table - 28 : B. juncea - The response of cytokinins with respect to 
lAA for rhizogenesis in different explants. 
' MS-f Hormones (mg/l) \jaS Shooltip CotyMon Callus 
MS - B.AP, 
MS ' BAP; 
MS - BAP, 
MS+ Kn, 
MS^ Knj 
MS- Kn, 
MS -r Ads, 
MS ' Ads,„ 
MS -..Ads,, 
M S - BAP,+ IAA„, 
M S - BAP,+ 1AA,, 
MS-- BAP]+IAA„, 
M S - K n / l.AA„, 
MS-Kn,+ I.AA,, 
M S - Kn^+ lAAjj 
MS^BAP,4lAA, 
MS - BAP, + IA.A, 
MS ^ BAP] + 1A.A, 
MS - Kn, - l.AA, 
MS- Kn,- lAA, 
MS - Kn] - I.AA, 
MS - .Ads, + lAA, 
MS -^ Ads,, + lAA, 
MS - Ads,, + lAA, 
MS-f .Ads, + lAA,. 
MS*.-\ds,„+ l.AA„. 
M S - Ads,. ^ I A . \ , 
MS 2 - Kn, + I.AA„, 
M S 2 - K n , + l.AA,, 
M S 2 - Kn]+ I.AA„, 
MS2 + Kn,+ NAA„, 
MS'2^Ka, + N.\A,, 
MS2 + Kn,-t NAA,, 
MS 2 - Kn, - I B \ , 
MS 2 - Kn,- 1 B \ , 
MS 2 - Kn'-IBA„. 
No response for rhizogenesis 
Poor response for rhizogenesis 
Good response for rhizogenesis 
Ver) good response for rhizogenesis 
Best response for rhizogenesis 
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sulphate (5mg/l) alongwith lAA (lmg/1) initiated rooting from all 
explants except callus. 
In half strength MS media supplementation of the BAP or Kn 
(lmg/1) + lAA (0.5mg/l) was better for rhizogenesis from all 
explants, and exhibited profuse rhizogenesis from cotyledons, which 
was initiated 15 days after inoculation (Table-28). 
4.4.3 Ocimum sanctum 
4.4.3.1 Effect of Auxins or Auxin/Cytokinin 
Among single auxin treatment NAA (4mg/l) proved to be the 
best for rhizogenesis from all explants as well as from calli. 
Profuse rhizogenesis in stem segement started 15 days after 
inoculation. Growth in root was stunted and possessing dense hairs. 
Rhizogenesis from leaf was better on lAA (1 & 2mg/l) augmented 
media. Induction of roots started after 3 weeks of inoculation in leaf, 
whereas stem explant did not respond to any concentration of lAA. 
Best performance for root induction from stem segment was displayed 
by IBA and NAA (2 & 4mg/l) supplemented media. Rhizogenesis from 
calli was better on IBA (1 & 2mg/l) supplemented media. 2,4-D alone 
was ineffective at any concentration except 2mg/l which induced 
insignificant rhizogenesis from stem explant after 30 days of 
inoculation and also the growth was extremely slow (Table-29). 
When different concentrations of auxins (1,2 & 4mg/l) were 
supplemented with Kn (0.5mg/l), the best combination was NAA & 
Kn. A highly profuse rhizogenesis was induced from stem segments 
after 10 days of inoculation (Fig. 19-A). A very fast growth in roots 
and moderate branching was noticed. It has been observed that with 
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the increased concentration, rhizogenic response also increased in stem 
segment explants, while 2mg/l NAA supplemented medium proved to 
be better for rhizogenesis through calli (Fig. 19-B). Poor response 
was noticed in leaf explant for which NAA (lmg/1) was inefective but 
2 & 4mg/l were better to some extent. Among other three auxins all 
the concentrations of IBA + Kn were beneficial for the induction of 
rhizogenesis from calli, as observed on NAA + Kn supplemented 
media. Higher concentration of 2,4-D (2 & 4mg/l) alongwith Kn 
(0.5mg/l) also exhibited better response for rhizogenesis form stem 
segment while l-2mg/l through leaf and callus (Fig. 19-C). 
Among auxins combination NAA + IBA in all concentrations 
proved to be better for rhizogenesis from all explants as well as 
through calli, but NAA & IBA (lmg/1 each) was better for stem 
segment and NAA (lmg/1) and IBA (1.5mg/l) combination was good 
for leaf explant. Whereas, higher concentration of lAA & 2,4-D (Img/ 
1 & 1.5mg/l respectively) was best for root induction through stem 
segment culture. On these media rhizogenesis started after 20 days of 
incubation followed by fast growing callus formation from cut end of 
the explant (Fig. 19-D). 
MS/2 augmented with Auxins LAA, IBA and NAA (1,2 and 4mg/ 
1) alongwith Kn (0.5mg/l) proved to be best for rhizogenesis from 
stem segment explant. All the concentrations and combinations induced 
rhizogenesis, but NAA & Kn combination proved superior (Table-29). 
It has been noticed that higher concentration of NAA (4mg/l) 
favoured high frequency and intensity of rhizogenesis from stem 
segments started 10 days after inoculation. But for leaf explant NAA 
Table - 29: O. sanctum - The response of auxins with respect to Kn 
for rhizogenesis in different explants. 
M S -t- HornioMs (Dig/l) Loif Stem srsiiicBt Callus 
MS ^ lAA, 
MS*IAA, 
MS + lAA, 
MS * IBA, -
MS- IBA,-
MS^IBAJ-
MS - N.ILA, 
MS + NAA, 
MS - N A \ 
MS -^  2.4-D, 
MS * 2.4-D, 
MS + 2.4-D] 
MS + lAA, + Kn,, 
MS-IAA, + Kn,. 
MS - IAA] + Kn,, 
MS - IBA, + Kn,, 
MS-IBAj + Kn,, 
M S - IBAJ + Kn„ 
MS - NAA, + Kn,, 
MS * N.AA, + Kn,^ 
MS -t NAA '^ + Kn,, 
MS * 2.4-D, + Kn,, 
MS - 2.4-D, •< Kn,, 
MS-2.4-D." + Kn,, 
MS - NAA, + IBA,, 
MS - N.A^, + IBA, 
MS-N.AAj + IBA,, 
MS + lA-A, + 2.4-D,, 
MS - lAA, + 2,4-D, 
MS + IAA, + 2,4-D,, 
M S 2 - I A . \ - ^ Kn,, 
MS2-IAA3+ Kn,', 
MS 2 - lA^. -
MS 2 +IBA,- Kn,, 
MS 2-IBA, + Kn,j 
MS 2 +IBA, + Kn,j 
MS 2-NAA, + Kn,, 
MS 2-NAA, - Kn,. 
M S 2 - N A \ * Kn,, 
No response for ihizogenesis 
Poor response for rhizogenesis 
Good response for rhizogenesis 
Ver>' good response for rhizogenesis 
Best response for rhizogenesis 
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(2mg/l) + Kn (0.5mg/l) was better. Effect of IBA + Kn combination 
was in between lAA + Kn and NAA + Kn combinations of which 
above or lower than 2mg/l (IBA) concentration proved to be inhibitory 
for rhizogenesis, while in callus hi^er concentration favoured (Table-29). 
4.4.3.2 Effect of Cytokinins or Cytokinin/Auxin 
Among cytokinins tested for rhizogenesis only Adenin sulphate 
5mg/l induced few roots from leaf explant followed by stem 
segment and Kn (lmg/1) induced rhizogenesis from stem segment 
only. All the other concentrations were ineffective for rhizogenesis. 
Among cytokinin and auxin combinations BAP (2 & 4mg/l) 
alongwith lAA (lmg/1) proved to be best for the induction of 
rhizogenesis from stem & callus followed by BAP combination with 
lAA at 0.5mg/l concentration. Adenin sulphate and lAA combinations 
were least effective, only Ads (5mg/l) + lAA (lmg/1) each responded 
to stem segment and callus. 
MS/2 medium supplemented with Kn (1 & 2mg/l) + NAA 
(0.5mg/l) proved to be somewhat better for profuse rhizogenesis from 
stem segment followed by leaf and callus. Induction of rhizogenesis 
was better on Kn (1 and 2mg/l) and IBA (0.5mg/l) supplemented 
medium. Hence cytokinin supplement suppressed rhizogenesis. However, 
if noticed on any medium a long incubation period is required (3-4 
weaks) irrespective of explant and callus (Table-30). 
4.4.4 Mentha arvensis 
4,4.4.1 Effect of Single Auxin or Cytokinin 
In Mentha arvensis IBA (2mg/l) augmented medium proved to 
Table - 30 : O. sanctum - The response of cytokinins with respect to 
auxin for rhizogenesis in different explants. 
a MS -t^  Hoimoms (mg/l) Leaf Stem segment CalliB 
MS + BAP, 
MS + BAPj 
MS + BAP, 
MS^ Kn, 
MS* kn, 
MS- Kn] 
MS - Adi. 
MS + .Ads,„ 
MS + Ads,, 
MS + BAP, + I A \ , 
MS^BAP,+ 1AA,, 
MS^ BAP," + IAA,. 
MS + Kn,-t lAA,, 
MS + Kiij+l.'VA,, 
MS^ Kn, + 1AA„ 
MS * BAP, + lAA, 
MS^BAPj + IAA, 
MSH BAP, + 1AA, 
MS + kn, + lAA, 
MS + Ka,+ IAA, 
MS + Kn]+lAA, 
MS •< .\ds, + lAA,, 
MS - Ads,„ * IAA„, 
MS - Ms^,* I A \ , , 
MS - .Ads, + IA.A, 
MS * Ads,„ 4 lAA, 
MS ^ Ads,, + 1A.\ 
MS'2 + Kn, + lA.'V,, 
MS/2 + Knj + IAA,, 
MS/2 -^  Kn, + I.A.Aj, 
MS'2 + Kn,+ NAA,, 
MS'2 + Knj + N.AA/, 
MS 2 - Kn, ^N.A.A„, 
MS'2 - Kn, + IBA,^, 
MS/2-^Kn, + IBA„, 
MS'2 + Kn" + IBA„. 
No response for rhizogenesis 
Poor response for rhizogenesis 
Good response for rhizogenesis 
\er\ good response for rhizogenesis 
Besl response for rhizogenesis 
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be the best for rhizogenesis in all explants. In leaf explant profuse 
rhizogenesis was induced within one week of incubation followed by 
stem explant which required 10 days of incubation period for root 
initiation. On NAA (2mg/l) moderate rhizogenesis was observed in leaf 
explant after 15 days of inoculations, while stem and callus poorly 
responded. On NAA 4 mg/1 the calli profusely rooted within 20 days 
of subculturing and 2,4-D (2 & 4mg/l) proved ineffective in all 
explants while lAA 2mg/l was better for stem explant and 4 mg/1 for 
leaf explant (Table-31). 
Single cytokinin treatment could not play any major role in the 
induction of rhizogenesis. Rhizogenesis from leaf explant could not 
occur on any medium, while BAP (1 & 2mg/l) induced rhizogenesis 
from stem explant after 8 days of inoculation. For induction of 
rooting in calli both BAP & Kn were ineffective, but Ads (5 & 
lOmg/1) induced rhizogenesis both in stem explant and calli. In stem 
explant rhizogenesis started after 12 days on lOmg/1 and after 16 
days on 5mg/l supplemented media, whereas 25-30 days incubation 
period was required for callus to induce rhizogenesis with a very few 
and slow growth (Table-31). 
4.4.4.2 Effect of Auxin/Cytokinin or Cytokinin/Auxin 
Among auxins (1,2 & 4mg/l) + BAP (0.5mg/l) higher 
concentration of NAA favoured profuse rhizogenesis in stem explant. 
In leaf explant and callus NAA (1 & 2mg/l) was ineffective, but at 
4mg/l rooting was observed after 12 days of incubation in leaf and 
after 25 days in calli. In stem explant rooting initiated after 6*^  day of 
inoculation on NAA (4mg/l) and as the concentration decreased 
Table-31 : M.arvensis- The response of aitximwith respect to cylokinm 
for rhtogenesis in different explants. 
MS + Hormones (mg/l) Leaf Stem segment Callus 
MS + IBA, 
MS + IBA" 
4 
MS + NAA, 
MS + NAA^ 
MS - 2.4-D, 
MS + 2 ,4 -D; 
MS + lAA, 
MS + lAA^ 
MS -r NAA, + BAP,, 
MS + NAA, + BAP|^  
MS ^ NAA" + BAP 
u^ 
MS + IBA, + BAP„, 
MS + IBA, + BAP,,, 
MS + I B A ' + BAP . 
1AA, + BAP,„ MS 
MS - lAA, + BAP,, 
MS - IA.V + BAP 
MS/2 + NAA,+Kn,, 
MS/2 + NAA,+ Kn'^  
MS/2 + NAA^ + Kn,„ 
MS'2 + IBA, ^2,4-D„, 
MS/2 + IBA,^2,4-DJ^ 
MS2 + IBA^ + 2,4-D„, 
++++ 
+ 
+ 
+ 
+ 
+ 
-H-+ 
+ 
+ 
+ 
+++ 
+ 
+ 
-M-l-
+ 
+ 
-f 
+ 
+ 
No respoase tor rhizogenesii 
Poor response for riuzogenesis 
Good response Jor rhizogenesis 
\erv good response for riuzogenesis 
Best response lor rhizogenesis 
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incubation period increased and number of roots decreased 
(Fig. 20-A). Leaf explant exhibited very poor response to IBA (1-
4mg/l) and lAA (l-4mg/l) alongwith BAP (0.5mg/l) and only responded 
to IBA (2mg/l) + BAP 0.5mg/l with a very poor rhizogenesis observed 
after 18 days of inoculation. All the concentrations of IBA proved 
beneficial for rhizogenesis from calli (Fig. 20-C,D). Incubation period 
decreased with the increase in the concentration. At IBA 4mg/l 
concentration itr equires above 20 days of incubation for the 
induction of rhizogenesis. lAA at any concentration was ineffective for 
callus and leaf, but 2mg/l concentration gave response to stem explant 
with a very few rooting after 14 days of inoculation (Table-32). 
Rhizogenesis from leaf explant could not occur on any 
concentration of different cytokinins incorporated in the medium 
except BAP (lmg/1) + lAA (0.5mg/l) on which rhizogenesis was 
observed after 12 days of inoculation. Stem and calli exhibited 
rhizogenesis in all the concentrations of cytokinin and auxin 
combinations except BAP (4mg/l) + lAA (0.5mg/l) and Ads (15mg/l) 
+ lAA (0.5mg/l). Profuse rhizogenesis in stem explant was observed 
on BAP (2mg/l) + NAA (0.2mg/l) and BAP (lmg/1) + lAA (0.5mg/l). 
BAP with NAA induced early rhizogenesis with highly branched thin 
roots within 10 days, while with lAA rhizogenesis was delayed (14 
days after inoculation) with moderate branching but brownish in colour 
and thickend roots. Ads 5 & lOmg/1 also exhibitted rhizogenesis from 
stem but higher concentration (15mg/l) supported callusing. Moderate 
rhizogenesis from callus was noticed in BAP (4mg/l) + NAA (0.2mg/l) 
supplemented medium after 21 days of subculturing. Other 
combinations induced poor rhizogenesis in between 25-30 days of 
Table - 32 : M. arvensis - The response of cytokinins with respect to 
auxin for rhizogenesis in different explants. 
MS + Hormones (mg/1) Leaf Stem segment Callus 
MS + BAP, 
MS + BAP, 
MS + Kn, 
MS + Kn, 
MS + Ads, 
MS + Ads, 
MS+ BAP, + NAA, 
MS+ B A P , + N A A | 
MS+ BAP" + NAA 
4 ( 
MS+ BAP,+ 1AA,. 
MS+ B A P , + 1AA',. 
MS+ BAP>1AA 
MS+ Ads,+ IAA„, 
MS+ Ads, +1AA' . 
MS+ Ads, +IAA . 
MS/2 + Kn,+ IAA, 
MS/2 + Kn, + IAA' 
MS/2 + Kn" + lAA' 
4 I 
MS/2 + BAP,+ IAA„, 
MS/2 + BAP, + IAA'", 
M S / 2 + B A P ' + I A A " 
4 11 ^ 
No response for rtiizogenesi"; 
Poor response for riiizogenesis. 
Good response for rhizogenesis 
Ver> good response for rtiizogenesi^ 
Besl response for rhizogenesis 
+ 
+ 
+ 
+ 
-H-+ 
+++ + 
+ + 
+ 
-H-+ 
100 
incubation (Table 32). 
4.4.4.3 Effect of Auxins or Cytokinins in MS/2 Medium 
Use of MS/2 alongwith phytohormones proved beneficial for the 
induction of rhizogenesis specially in stem explant followed by calli 
and leaf explant. 
NAA (1,2 & 4mg/l) or IBA (1,2 & 4mg/l) with Kn (0.5mg/l) 
supplemented MS/2 medium proved more significant than cytokinin 
supplemented medium. All the concentrations of IBA and 1 & 2mg/l 
of NAA induced rhizogenesis in leaf explant. NAA 1 & 2mg/l 
responded poorly and started rooting after 20 days of inoculation 
while IBA (2mg/l) induced profuse rhizogenesis from midrib within 
10 days of incubation followed by 4 and lmg/1 respectively. Roots 
were moderately branched and slow growing. Stem explant started 
rooting after 6 days of inoculation on 2 & 4mg/l of NAA and 10 
days after inoculation on 2mg/l of IBA, followed by 1 mg/1 of both 
NAA & IBA. On NAA supplemented medium rhizogenesis was profuse 
with slower growth and moderately branched, while on IBA moderate 
rhizogenesis was exhibited with faster growth in roots and lesser in 
branching. Calli responded to all the concentration of auxins among 
which IBA (2mgA) proved to be the best for early rhizogenesis after 
20 days of inoculation followed by 2mg/l of NAA and 4mg/l of both 
NAA & IBA (Table - 31). 
Stem explant responded to all concentrations of Kn & BAP 
alongwith lAA (0.5mg/l). Early rhizogenesis was induced on BAP 
(2mg/l) + lAA (0.5mg/l) within one week after inoculation (Fig. 20-B). 
The regenerated roots were moderately branched and thick in 
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appearance. Calli exhibited better rhizogenesis on BAP 2mg/l followed 
by lmg/1 of both BAP and Kn. Higher concentration of Kn (2 & 4mg/l) 
and BAP (4mg/l) were ineffective and favoured slight cullusing (Table-32). 
4.4.5 Cannabis sativa 
4.4.5.1 Effect of Auxins or Auxin/Cytokinin 
Among IBA (1,2,4 mg/1) supplemented media, lower 
concentrations favoured rhizogenesis in leaf explant while higher 
concentration was favourable for stem and calli (Fig. 21-C). Moderate 
rooting occured in leaf and calli on high concentration while poor 
response was noticed in stem explant. Early root induction 10 days 
after inoculation was noticed in leaf explant on IBA 2mg/l + Kn 0.5 
mg/1 supplemented medium followed by calli at 4 mg/1 IBA 
concentration i.e. 16 days after incubation. Stem explant required 22-
23 days of incubation for rhizogenesis on both 2 & 4 mg/1 
concentrations. 
Addition of cytokinin (0.5 mg/1) to the auxin supplemented 
media considerably enhanced rhizogenic response in explants as well 
as in calli. NAA (1,2 & 4 mg/1) alongwith BAP (0.5 mg/1) proved 
to be the best combination for root induction directly from explants 
as well as from calli. The higher cone, of NAA was beneficial for 
profuse rhizogenesis from explants as well as from calli. Rhizogenesis 
from calli started after 21 days of incubation while from leaf explant 
it was noticed on S**" day after inoculation (Fig. 21-B) and in stem 
explant it was observed after 15* day. The roots were covered with 
dense root hairs creamy in colour. Elongation in roots was fast upto 
the second week of emergence. 
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Among all the auxins tested 2,4-D 4nig/l + Kn 0.5mg/I 
combination was the best for rhizogenesis through subcultured calli 
which exhibited very poor response for leaf and stem explants. 
Highly profuse rhizogenesis was induced in calli after 20 days of 
incubation on 2,4-D (4mg/l) + Kn (0.5mg/), followed by lower 
concentration (Fig. 21-A). Rhizogenesis from leaf explant could only 
be obtained on 2,4-D lmg/1 + Kn 0.5 mg/1 augmented medium. On 
this medium early induction of roots was noticed 14 days after 
inoculation with a slower growth (Table-33). 
4.4.5.2 Effect of Cytokinins or Cytokinin/Auxin 
The rhizogenesis in leaf explant was moderate on BAP (lmg/1) 
in combination with NAA lmg/1 after 16 days of inoculation. As the 
concentration of BAP increased the rhizogenic effect decreased, 
whereas in stem and calli it was reverse. The stem explant rooted 
moderately on BAP 4mg/l +NAA lmg/1 and needed 14 days of 
incubation period. Early rhizogenesis was observed in calli at BAP 
4mg/l + NAA lmg/1 followed by 2 & Img/I respectively. Very profuse 
rhizogenesis took place with a faster growth occured within 2 weeks 
after emergence of root primordia 8^ day after incubation. 
The response was very poor in leaf explant in Kn supplemented 
media of which only 1 & 2 mg/1 induced 2-3 roots from petiole and 
adenin sulphate was ineffective. Similarly stem explant rooted on Kn 
1 & 2 mg/1 and Ads 5 mg/1 supplemented media. On these two 
cytokinins calli were also inactivated for rhizogenesis and only 
responded to lower concentrations of Kn (lmg/1) and Ads (5 & 10 
mg/1). It was also observed that these cytokinins needed longer 
Table - 33: C saiiva - The response of auxins with respect to cytokinin 
for rhizogenesis in different explants. 
MS + Hormones (mg/1) Leaf Shoot tip CaUus 
MS + NAA, 
MS + NAA, 
MS + NAA^ 
MS+roA, 
Ms+roA, 
MS + roA. 
MS + IAA, 
MS + IAA, 
MS + IAA^ 
MS + 2,4-D, 
MS + 2,4-Dj 
MS + 2,4-D^ 
MS + NAA, + BAP, 
MS + NAA,+ BAP, 
MS + NAA^+BAP„ 
MS + IBA, + Kn„, 
MS + roA,+Kn„, 
MS + IBA^+Kn„, 
MS + 2,4-D,+ Kn,, 
MS + 2,4-Dj+Kn,, 
MS + 2,4-D,+ Kn„, 
03 
05 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+++ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
l i l t -
-H -
No Ttapaoat for iluzogenesu> 
Poor re^onse for ilu2ogaiesi& 
Good re^Knse for duzogoiesis 
\Asy good rcspoose for thizogenesis 
BeA response for riuzogenesis 
Table - 34 C sativa - The response of cytokinins with respect to 
auxin for rhizogenesis in different expJants. 
MS + Hormones (mgA) Leaf Shoot tip CaUus 
MS + BAP, 
MS + BAPj 
MS + BAP. 
MS + Kn, 
MS + KHj 
MS + Kn, 
MS + Ads, 
MS + Ads 
MS + Ads 
10 
19 
MS + BAP, + NAA, 
MS + BAPj+NAA, 
MS + BAP+NAA, 
4 1 
MS + Kn, + NAA, 
MS + Kn^+NAA, 
MS + Kn^+NAA, 
MS+Ads, + NAA, 
MS + Ads„ + NAA, 
MS + Ads„ + NAA, 
+ 
+ 
+ 
+ 
- m -
+++• 
+ 
+ 
+ 
. 
+ 
-
+ 
+ 
No reepcnse for ihizogeaesis 
Pocr n^cnse for ifaizngaiesis 
Good recpoose for liiizogaiesis 
yfay good re^oose tor ifaizngmesLs 
Best respoDse tor rhizt^enesLs 
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duration of incubation for root induction i.e. 25-30 days (Table-34). 
Addition of NAA (lmg/1) to the cytokinins (1,2 & 4 mg/1) 
proved effective in inducing rhizogenesis, which was ineffective in 
single supplement. The best combination evaluated was BAP + 
NAA at various concentrations (Table-34). 
4.4.6 Dalbergia sissoo 
4.4.6.1 Effect of Auxins or Auxin/Cytokinin 
The differentiation of roots directly from leaf explant on auxin 
supplemented media was best studied in IBA 1 & 2 mg/1 
concentrations. Rhizogenesis started from cut end of the petiole after 
80 days of inoculation on 2mg/l followed by lmg/1. The growth in 
root was very slow. Root initiation from stem explant was noticed 
after 13 days of inoculation on NAA 4mg/l supplemented medium and 
number of roots and growth was better than other auxins (Fig. 22-A). 
Rhizogenesis from stem segments was also exhibited on IBA (2mg/I) 
and lAA (lmg/1) supplemented media, but with a slower growth and 
lesser number as compared to NAA. Calli required more incubation 
period for rhizogenesis. However, early rhizogenesis (after 15 days of 
incubation) was noticed on NAA 4 mg/1 supplemented medium 
followed by NAA 2 mg/1 and IBA 4 mg/I, which takes 19 days and 23 
days respectively. 2,4-D supported callus initiation and proliferation in 
calli only in all the concentrations tested. 
Addition of BAP (0.5 mg/1) to the auxin supplemented media could 
not prove much effective for rhizogenesis but reduced the incubation period 
for the induction of rhizogenesis from calli only. On NAA 4 mg/1 + BAP 
0.5mg/l rhizogenesis started after 12 days of subculturing (Table-35). 
Table -35: D. sissoo - The response of auxins with respect to cytokinin 
and Glafor rhizogenesis in different explants. 
MS -<- Hormones (mg/l) Leaf Stem segment Callus 
MS + NAA, 
MS + NAAj 
MS + NAA^ 
MS + ffiA, 
MS + ffiAj 
MS + IBA, 
MS+IAA, 
MS+IAA, 
MS + IAA. 
MS + NAA,+ BAP„ 
MS + NAA,+ BAP„5 
MS + NAA^+ BAP^j 
MS + roA,+ BAP„5 
MS + ffiA,+ BAPo, 
MS + roA^+BAPj, 
MS+IAA,+ BAP,, 
MS + lAAj+BAPj, 
MS + IAA^+BAP„5 
MS + 2,4-D,+ BAP,5 
MS + 2.4-Dj+BAP,, 
MS + 2,4-D,+ BAP, 5 
MS + NAA,+ BAP,, +Glaj„ 
MS + NAA,+ BAP,5 + Gla„ 
MS + NAA,+ BAP„ + Gla,„ 
MS + IBA,+ BAP,5 + Gla5j, 
MS + IBA,+ BAP„5 +Gla5„ 
MS + IBA^+BAP„5 + Gla5„ 
+ 
+ 
++ 
++ 
+ 
++ 
++ 
++ 
+ 
+ 
++ 
+++ 
No re^Knse for ihizogeaesis 
Poor re^onse fcr duzogmesis 
Good repoose for itiizogeaesis 
Voy good re^onse for ihi2ogaiesu> 
Be^ response for rhizogenesis 
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4.4.6.2 Effect of Cytokinins or Cytokinin/Auxin 
Single cytokinin (BAP, Kn, Ads) supplemented media responded 
for callus initiation and growth only in all explants. 
Addition of NAA (0.2 mg/1) to the cytokinins slightly improved 
the organogenic response in calli only. It was noticed that BAP (4mg/l) 
alongwith NAA (0.2mg/l) induced rooting from calli within 10 days of 
incubation followed by 2 mg/1. Kn was ineffective but Ads (15 mg/1) 
induced rooting. Leaf and stem explants did not respond to any 
cytokinin at any concentration. Supplement of glutamic acid (50 mg/1) 
to the above said combinations significantly improved the rhizogenic 
response of calli but leaf and stem explants remained quiescent. It 
was observed that profuse rhizogenesis occurred within 7 days of 
inoculation when glutamic acid (50 mg/1) was added to MS + BAP 
(4 mg/1) + NAA (0.2 mg/1) (Fig. 22-B) followed by 2mg/l and lmg/1 
of BAP in above said medium. Rhizogenesis from calli was also 
observed on MS + Kn 2mg/l + NAA 0.2mg/l + glulamic acid (50mg/ 
1) and initiation of root was observed after 30 days of incubation 
with a very slow growth (Fig. 22-D, TabIe-36). However, other 
concentrations of Kinetin were ineffective. Root induction from leaf 
and stem explants was much improved when glutamic acid (50 mg/1) 
was added to MS + auxin + BAP (0.5 mg/1). Among all the 
combinations tested only IBA 2 mgA + BAP (0.5mg/l) + Gla (50mg/l) 
responded for root induction from leaf explant. Rooting started from 
midrib after 17 days of inoculation whereas all the three 
concentrations of IBA (1,2 & 4 mg/1) proved better for rhizogenesis 
from stem explant. Emergence of root primordia from stem explants 
Table - 36 D. sissoo - 77?^  response of cytokinins with respect to 
auxin and Glafor rhizogenesis in different 
explants. 
MS + Hormones (mg/I) Leaf Stem segment CaUus 
MS + BAP, 
MS + BAPj 
MS + BAP. 
MS + Kn, 
MS + Kiij 
MS + Kn. 
MS + AdSj 
MS + Ads, 
MS + Ads. 
MS + BAP,+ NAA,, 
MS + BAPj+NAA^j 
MS + BAP^+ NAA^j 
MS + Kn,+ NAA„2 
MS + Kitj+NAA^j 
MS + Kn^ + NAA„2 
MS + AdSj+NA\2 
MS + Ads,j,+ NAA,^ 
MS + Ads,5+NAA„'2 
MS + BAP,+ NAA„2+Gla,„ 
MS + BAPj+ N A \ 3 + Gla,, 
MS + BAP,+ NA\3+Gla,„ 
MS + Kn, + NA\2+Gla,„ 
MS + Ka,+ NAA„,+ Gla,„ 
MS + Kn^+NAA„,+ Gla,„ 
M M 
+ 
No respcDse for Aizogccesis 
Poor re^onse for liuzngene&Ls 
Good tespoDse for ifaizngeneMib 
VETJ good re^oDse for riiiziigenes>is 
Best rcspoise for riuzogmesis 
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was noticed after 20 days of inoculation on IBA (lmg/1) + BAP 
(0.5mg/l) + glutamic acid (50mg/l), followed by IBA 2 & 4mg/l. 
Number of roots on IBA (1 mg/1) was more than 2 & 4 mg/1 
supplemented media. Higher concentration (4 mg/1) of both NAA & 
IBA favoured rhizogenesis from calli 10 day after subculturing and 
decreased as the auxin's concentrations decreased. As the 
concentration decreased number of roots decreased and also incubation 
period increased (Fig. 22-C, Table-36). 
4.5 Caulogenesis 
4.5.1 Helianthus annuus 
The leaf, stem segments and callus explants of H. annuus were 
cultured on MS medium augmented with different combinations and 
concentrations of growth regulators. Low concentrations of auxins 
(lAA or NAA) were supplied with higher concentrations of cytokinins 
(Kn or BAP) and vice versa and the results or described as follows : 
The leaf explant on MS medium supplemented with BAP (1,2 or 
5mg/l) + NAA (lmg/1) callused first then started differentiation. 
Callusing started after 5 days of inoculation on BAP (5mg/l) + 
NAA (lmg/1) followed by 1 & 2mg/l of BAP respectively. On 
BAP (2mg/l) + NAA (lmg/1) large callus mass was produced, 
whereas on BAP (5mg/l) + NAA (lmg/1) callus growth was 
restricted after 10 days of initiation but green pigmentation and 
nodulation in the callus was observed. The shoot bud like structures 
were observed from nodular region after 20 days of callus initiation. 
The leafy structures were noticed at 3-4 places within one week after 
the appearance of shoot buds and subsequent differentiation into 
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shoots with fleshy leaves and stunted growth was observed (Fig. 23-A). 
Lower concentrations of NAA (0.2mg/l) and BAP (1, 2 & 5mg/l) 
proved beneficial to induce direct caulogenesis from mid-rib portion 
on BAP (2mg/l) + NAA (0.2mg/l), while higher concentration of BAP 
(5mg/l) produced fast growing pigmented nodular calli which were 
used to study differentiation pattern after subculturing on all the other 
combinations used (Table-37). Direct shoot regeneration was 
observed after 21 days of inoculation on BAP (2mg/l) + NAA 
(0.2mg/l). Initially greenish white cylindrical outgrowth was noticed 
from upper mid-rib region. The 3-4 shoot buds differentiated fiiUy in 
a week (Fig. 23-B). Lower concentration of BAP (0.1-0.5mg/l) 
alongwith NAA (0.2mg/l) proved ineffective and non significant 
regarding callogenesis or caulogenesis. Similar effects were also 
noticed when the media were supplemented with Kn 1, 2 or 5mg/l 
alongwith L\A (0.2mg/l). The higher concentration of Kn (5mg/l) was 
less effective for caulogenesis in leaf explant. The increase in the 
concentration of lAA (lmg/1) stimulated direct induction of 
caulogenesis from leaf explant. On Kn + lAA (lmg/1 each) the lamina 
became flashy followed by differentiation of 2-3 shoot buds 20 days 
after inoculation. While increase in the concentration of Kn (2mg/l) 
alongwith lAA (lmg/1) triggered early shoot bud differentiation 12 
days after inoculation. Appearance of shooty outgrowth was noticed 
from mid-rib portion as well as from cut margin and surface of the 
lamina. 10-12 well differentiated shoots were obtained within 10 days 
of buds appearance which yielded normal microshoots (Fig. 24-A). 
Still higher concentration of Kn (5mg/l) reversed the caulogenic 
effect and induced callusing only (Table-37). 
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Very poor response was exhibited by stem segments on all the 
combinations tested to study regeneration potentials. 2 and 5mg/l of 
BAP alongwith NAA (lmg/1) succeeded to produce multiple shoot buds 
at nodal region but differentiation into shoot could not been achieved. 
Shoot buds like outgrowths were noticed 25 days after inoculation on 
both the concentrations. Lower concentrations of NAA (0.2mg/l) in 
the medium did not improve the regeneration potential but induced 
callusing only. Lower concentration of BAP (lmg/1) favoured 
rhizogenesis from the explant, while higher concentration (2-5mg/l) 
favoured fast growing callus. Intensity of the callus growth increased 
with the increase in BAP concentration. Whereas, lower concentration 
of BAP (0.1-0.5mg/l) alongv^th NAA (0.2mg/l) induced few roots 
(Table-37). 
Addition of Kn (1, 2 and 5mg/l) alongwith lAA (0.2mg/l) 
favoured axillary shoot bud differentiation and elongation. At 2mg/l of 
Kn early shoot bud differentiation occured 15 days after inoculation 
and elongation in shoot was fast, whereas at higher concentration of 
Kn (5mg/l) slight callusing from cut end was also observed alongwith 
lateral bud differentiation. 
Addition of lAA (lmg/1) with Kn (lmg/1) proved significantly 
better to induce bud break 18 days after inoculation followed by 
rossette like shoot differentiation. Higher concentration of Kn (2 & 
5mg/l) alongwith lAA (lmg/1) again proved to be ineffective for 
regeneration of shoots but exhibited lateral bud elongation and 
moderate rhizogenesis from cut end (Table-37). 
The nodular pigmented calli obtained on BAP (5mg/l) + NAA 
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(0.2mg/l) were subcultured on above said hormonal combinations 
which either proliferated or showed rhizogenesis or organized to 
develop shoot bud like green protuberences (Fig. 24-B, Tablc-37). 
Lower concentration of BAP (lmg/1) alongwith NAA (0.2mg/l) was 
better to induce 2-3 shoots & shoot bud like structures (Fig. 23-C), 
while higher concentrations (2 & 5mg/l) alongwith same concentration 
of "NAA (0.2mg/l) favoured callus proliferation only. Supplement of 
BAP (0.1-0.5mg/l) alongwith NAA (0.2mg/l) and Kn (l-5mg/l) 
alongwith lAA (0.2mg/l) also exhibited only callus proliferation or 
rhizogenesis. But Kn (5mg/l) + lAA (lmg/1) supplemented medium 
exhibited shoot buds induction as observed on BAP (lmg/1) + NAA 
(0.2mg/l) (Table-37). 
Supplement of higher NAA (1, 2 & 5mg/l) alongwith BAP 
(0.5mg/l) induced callusing and rhizogenesis through leaf explant and 
it was observed that on increasing the concentration of NAA 
callusing response decreased but rhizogenic effects increased. Addition 
of GA3 (0.5mg/l) to NAA + BAP containing media could not induce 
caulogenesis, but favoured rhizogenesis on medium containing NAA 
(lmg/1) + BAP (0.5mg/l). But addition GA, (0.5mg/l) to NAA (lmg/1) 
+ Kn (0.5mg/l) induced shoot buds from leaf explant 18 days after 
inoculation, with abnormal development of shoot. It was noticed that 
with the increase in the concentration of NAA shoot regeneration was 
adversely affected and favoured callusing and rhizogenesis (Table-38). 
Stem segments did not respond to any three combinations of 
NAA (1, 2 or 5mg/l) alongwith BAP (0.5mg/l), while supplement of 
GA3 (0.5mg/l) proved its effectiveness in shoot regeneration. On NAA 
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(Img/l) + BAP (0.5mg/l) + GA, (0.5mg/l) 2-3 shoot buds appeared 
from axillary region within 12 days of inoculation. The growth in 
shoot was very slow and normal development could not be observed 
(exhibiting rosette appearance) (Fig. 24-C). Again on increasing the 
NAA concentration shoot regeneration decreased (1-2 shoots/explant) 
and also incubation period for shoot bud induction increased (after 18-
20 days) (Table-38). 
NAA (1 & 2mg/l) alongwith Kn (0.5mg/l) showed rhizogenesis 
only, while addition of GA^ (0.5mg/l) helped in the induction of shoot 
bud regeneration from nodal region, while NAA (5mg/l) + Kn (0.5mg/l) 
+ GAj (0.5mg/l) favoured slight callusing only. 
The nodular compact calli when subcultured on above said 
combinations exhibited rhizogenesis except on NAA (lmg/1) + BAP 
(0.5mg/l) where shoot differentiation started on 20th day of 
subculturing. Differentiation of shoot buds into shoots required 12 
days of further incubation and 3-4 microshoots could be obtained 
(Fig. 24-D). 
4.5.2 Brassica juncea 
The in vitro raised seedlings of B. juncea on MS medium were 
used for the exploration of caulogenic potential of different explants 
(viz., colyledon, leaf, stem segments and callus). Cotyledons excised 
from 4 days old seedling, leaves from 7-8 days old seedling and stem 
segments taken from 12 days old seedlings were cultured on different 
growth hormones with varying concentrations and combinations. The 
calli obtained through stem segment on MS + BAP (5mg/l) + NAA 
(lmg/1) were used for the induction of caulogenesis (Table-39). 
no 
Single cytokinin (1,2 & 4mg/l) or auxin (1, 2 & 4mg/l) 
treatment either induced callusing or rhizogenesis in all the 
explants. The leaf explant cultured on BAP (4mg/l) induced 
caulogenesis via callus induction. Callusing started after 4 days of 
inoculation and fast proliferation was exhibited in the first two 
weeks followed by nodulation at several places. After 20 days of 
incubation nodular structures showed green pigmentation and a smooth 
shiny covering developed. Further, leafy outgrowths were observed 
after 4 days of incubation which differentiated into complete shoots. 
Direct shoot bud differentiation was noticed on 10"* day of 
inoculation from the cut end of petiole on media fortified with Kn 2 
&, 4mg/l. 3-4 shoots were recovered from each explant within a week 
of emergence of shooty buds. 
BAP in combination with NAA or lAA proved better for shoot 
regeneration either directly from explant or through callusing 
depending on concentrations and combinations. Cotyledons responded 
much to BAP (1 &-2mg/l) + NAA (0.5-lmg/l) combinations. Shoot 
bud like outgrowths from cut end of cotyledons were noticed within a 
week of inoculation on BAP (lmg/1) + NAA (0.5m^), which developed 
into shootlets (Fig. 25-A). Similarly BAP (2mg/l) + NAA (0.5mg/l) 
also induced shoot buds from midrib portion as well as from cut end 
of petiole within a week than at lower BAP (lmg/1) + NAA (0.5mg/ 
1). Higher concentration of NAA (lmg/1) with BAP (1 & 2mg/l) 
showed similar response as compared to lower concentration and again 
2-3 shootlets were produced. BAP (5mg/l) + NAA (0.5mg/l) induced 
callusing followed by rhizogenesis. lAA (lmg/1) in combination with 
BAP (1, 2 or 5mg/l) failed to induce caulogenesis but callused. 
I l l 
Whereas, in leaf explant only epiphyllous buds were noticed on BAP 
(2 or 5mg/l) + NAA (lmg/1). After 12 days of inoculation 2-3 buds 
were produced from upper leaf surface on BAP (2mg/l) + NAA (Img/ 
1) and 6-7 buds on BAP (5mg/l) + NAA (lmg/1). These buds could 
not differentiate into shoots. Stem segments responded to BAP (2 or 
5mg/l) + NAA (0.5mg/l) and BAP (lmg/1) + NAA (lmg/1) for 
multiple shoot regeneration through bud break at nodal region or from 
cut end. The best medium was BAP (5mg/l) + NAA (0.5mg/l) on 
which 4-5 shootlets were obtained followed by BAP (2mg/l) + NAA 
(0.5mg/l) and BAP (lmg/1) + NAA (Img/l) with 2-3 shoots per 
explant. Shoot bud formation started from 10-14 days after 
inoculation on BAP (5mg/l) + NAA (0.5mg/l) followed by BAP 
(2mg/l ) + NAA (0.5mg/l) and BAP (lmg/1) + NAA (0.5mg/l) (Table-39). 
Regeneration of shoots was best studied through callus culture 
on the above said media. In most of the cases shoot regeneration 
started in between 20-30 days of incubation period. The best medium 
was BAP (5mg/l) + NAA (lmg/1) which induced higher frequency of 
shoot formation with an average of 11 shootlets per culture after 21 
days of incubation (Fig. 25-B). A very fast growth in shoots with dark 
green healthy leaves was observed. Similarly an average of 8 shoots 
per culture were obtained on BAP (2mg/l) + NAA (lmg/1) 25 days 
after incubation. However, the number of shoots was reduced 
considerably on BAP (lmg/1) + NAA (lmg/1) containing medium. 
Addition of NAA (0.5mg/l) to BAP (1,2 or 5mg/l) showed good 
response and an average of 7 shoots on BAP (5mg'l) + NAA (0.5mg/l), 
6 shoots on BAP (2mg/l) + NAA (0.5mg/l) and only 5 shoots on BAP 
(lmg/1) + NAA (0.5mg/l) were obtained. Hence it is clearly indicated 
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that regeneration effect depends on BAP concentration and as we go 
from lower to higher concentrations the regeneration frequency also 
increases tremendously. The effect of NAA also was remarkable in the 
sense that with the increase in the concentration the number of shoot 
regeneration also increased at each concentration of BAP (Table-39). 
Combination of BAP + lAA also exhibited its effectiveness in 
shoot regeneration and 3-4 shoots were obtained after 29 days of 
incubation on BAP (5mg/l) + lAA (lmg/1) (Fig. 25-C), while on 
lower concentration of BAP (1 & 2mg/l) only shoot buds were 
observed, that also in a small number (2-3 shoot buds per culture). 
Synergistic effect of two cytokinins viz. BAP and Kn alongwith 
NAA (0.5mg/l) was also studied and exhibited significant response to 
all explants. Direct shoot regeneration started after 7 days of 
inoculation through cotyledon culture on BAP (2mgA) + Kn (2mgA) + 
NAA (0.5mg/l) with 3-4 shoots per culture but shoot number decreased 
with the decrease in concentration of cytokinins as 2-3 shoots were 
obtained on BAP (2mg/l) + Kn (lmg/1) + NAA (0.5mg/l) and only 1-
2 shoots were obtained on BAP (lmg/1) + Kn (2mg/l) + NAA 
(0.5mg/l). 
The leaf explant produced 2-3 shoots on BAP (2mg/l) + Kn 
(lmg/1) + NAA (0.5mg/l) and other two combinations proved 
ineffective, whereas stem explant responded most and started callusing 
first on BAP (lmg/1) + Kn (2mg/l) + NAA (0.5mg/l) after 4* day of 
inoculation and organogenesis was noticed after 18 days of incubation. 
Upto 24*^  day of inoculation 6-7 healthy excisable shoots were 
obtained (Fig. 25-D). BAP (2mg/l) + Kn (lmg/1) + NAA (0.5mg/l) 
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directly induced shoot outgrowths after 14 days of inoculation. Same 
combinations of cytokinins + NAA (0.5mg/l) gave poor response and 
1-2 shoots were obtained after slight callusing 25 days after 
incubation. The subcultured calli also produced shoots at higher 
concentration of Kn (2mg/l) while reduced to only shoot buds at higher 
concentration of BAP (2mg/l) (Table-39). 
Higher auxin/cytokinin ratio did not exhibit regenerative effect 
and organogenesis was restricted to only shoot bud production and 
that also responded maximum by stem segment, cotyledons and leaf 
respectively. Healthy shoots only recovered through stem segment 
culture on NAA (lmg/1) + BAP (0.5mg/l) and NAA (2mg/l) + BAP 
(0.5mg/l) with 2-3 shoots per explant only (Fig. 25-E). Direct shoot 
regeneration in stem explant started after 18 days of incubation in 
NAA (lmg/1 + BAP (0.5mg/l) and 15 days after incubation on 
NAA (2mg/l) + BAP (0.5mg/l) followed by slight callusing (Fig. 25-F). 
The plant regenerated showed abnormal features with stunty growth and 
fleshy leaves (Table-40). 
4.5.3 Ocimum sanctum : 
Caulogenic potential of O. sanctum through leaf, stem segments 
and callus culture has been studied. Nodular green calli obtained from 
leaf explant on Kn (5mg/l) + lAA (lmg/1) were used for subculturing. 
Leaf cultured on single "auxin or cytokinin containing media 
could not exhibit caulogenesis. On BAP or Kn (1 & 2mg/l) callusing 
only was observed, whereas direct rooting occured on IBA and 2, 4-D 
(1, 2mg/l) containing media. However, single cytokinin treatment 
induced multiple shoot regeneration in stem explants. On BAP (2mg/ 
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1) bud break was noticed 20 days after inoculation and within a week 
3-4 shoots per explant were obtained. Similar response was noticed in 
Kn supplemented media also. The sprouting and bud break further 
improved with the addition of GA, (0.2mg/l). On BAP (lmg/1) + GA3 
(0.2mg/l) multiple shoots (4-6 shoots per explant) were observed 15 
days after inoculation (Fig. 26-A). On increasing the BAP 
concentration 2mg/l the number of shoot regeneration decreased (3-4 
shoots/explant). Regeneration of multiple shoots from nodal bud break 
was also exhibited by Kn (1 or 2mg/l) + GA, (0.2mg/l) and 2-3 
shoots per explants were obtained (Table-41). 
The nodular pigmented calli subcultured on above said media 
proliferated only in almost every combination except on BAP (2mg/ 
1) + GA3 (0.2mg/l). On this medium shoot bud differentiation was 
observed 25 days after subculturing. 2, 4-D (2mg/l) + GA, (0.2mg/l) 
also induced shoot bud differentiation, while 2, 4-D (lmg/1) + GA3 
(0.2mg/l) exhibited rhizogenesis (Table-41). 
The leaf explant did not exhibit regeneration on any medium 
supplemented with BAP or Kn (1, 2 & 3mg/l) alongwith NAA (0.2mg/ 
1) and glutamic acid (50mg/l). 
In stem segments nodal bud break frequently occured on all the 
media tested (Table-41). The combination of BAP and NAA proved to 
be the best for multiple shoot regeneration. About 3-4 shoots per 
explant were obtained on BAP (1 or 2mg/l) + NAA (0.2mg/l). 
However, on increasing the BAP concentration (5mg/l) the number of 
shoot regenerant decreased. Supplement of Kn (1, 2 & 3mg/l) 
alongwith NAA (0.2mg/l) supported lateral bud proliferation and 
115 
occasionally 2-3 shoots were observed on lower concentration of Kn 
(lmg/1) (Fig. 26-B, Table-41). 
Addition of glutamic acid (50mg/l) further improved the 
regeneration potential of stem segments. On BAP (Img!)+NAA(0.2mg/l) 
+ Gla (50mg/l) direct shoot bud differentiation was observed 12 days 
after inoculation and within two weeks after shoot bud emergence, 5-
6 healthy shoots were obtained (Fig. 26-C). The regeneration potential 
decreased with the increase in BAP concentration. Addition of 
glutamic acid (50mg/l) to Kn (1, 2 & 5mg/l) + NAA (0.2mg/l) further 
improved the effect. Multiple shoot regneration was observed in all 
the three concentrations and their number increased further with the 
increase in Kn concentraiton. 
The subcultured calli on the above said media showed that 
higher concentration of cytokinin alongwith glutamic acid (50mg/l) 
favoured multiple shoot regeneration within a short duration of time 
(15 days after subculturing). A maximum of 4-5 healthy shoots were 
obtained on BAP 5mg/l + NAA (0.2mg/l) + Gla (50mg/l) (Fig. 26-D) 
followed by lower concentration of BAP. The shoot regeneration on 
Kn (1, 2 & 5mg/l) + NAA (0.2mg/l) + glutamic acid (50mg/l), was 
also observed but the shoots were stunty and exhibited rosette like 
appearance (Table-41). 
Higher concentrations of NAA (1, 2 & 5mg/l) alongwith BAP or 
Kn (0.5mg/l) and glutamic acid (50mg/l) showed ineffectiveness for 
the induction of shoot regeneration through leaf explant except NAA 
(lmg/1) + BAP (0.5mg/l) + glutamic acid (50mg/l) on which 2-3 
shoot buds were observed after slight callusing (Fig. 26-E). However, 
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Stem segments responded to lower NAA (lmg/1) concentration. In all 
the combinations of NAA (lmg/1) + BAP or Kn (0.5mg/l) multiple 
shoot regeneration was observed in stem segments. Addition of 
glutamic acid further improved the regeneration efficiency and a 
maximum of 3-4 shoots per explant were obtained on NAA (0.5mg/l) 
+ BAP (0.5mg/l) + glutamic acid (50mg/l) followed by slight 
callusing creamy in colour (Fig. 26-F). On BAP containing media bud 
break started 15 days after inoculation, whereas the Kn supplemented 
media required more than 20 days of incubation (Table-42). 
The subcultured calli on above said combinations showed 
proliferation and shoot bud regeneration only. The subcultured calli 
on NAA (1, 2 & 5mg/l) + BAP (0.5mg/l) or Kn (0.5mg/l) 
proliferated only. However, addition of glutamic acid triggered the 
shoot bud regeneration and the most responsive combination was BAP 
(2mg/l) + NAA (0.2mg/l) + glutamic acid (50mg/l) followed by lower 
or higher concentration of BAP whereas in Kn supplemented media 
shoot bud regeneration increased with the increase in Kn 
concentration (Table-42). 
4.5.4 Mentha arvensis 
The leaf, stem segment and callus produced from stem 
segments on BAP (5mg/l) + NAA (lmg/1) were used as explants to 
investigate regeneration potential in Mentha arvensis. On simple MS 
medium leaf and stem segments remained quiescent for several weeks 
and ultimately dried. The subcultured calli showed some growth. 
Multiple shoot regeneration directly from petiolar region was 
induced in BAP (2mg/l) supplemented medium 12 days after 
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inoculation. A total of 7-8 shoots (with branching) were obtained 
within a week of shoot buds emergence (Fig. 27-A,B) Rooting was 
also exhibited after 3-4 weeks. Lower concentration of BAP (Img/l) 
and Kn (1 & 2mg/l) poorly responded and only 1-2 shoots were 
observed 25 days after inoculation. Addition of single auxin (NAA 
or IBA) to the medium was ineffective for the shoot regeneration 
in leaf explant. On NAA (1 & 2mg/l) callusing and subsequent 
rhizogenesis was observed while on IBA (1 & 2mg/l) direct and 
profuse rhizogenesis occured. 
However, stem segments responded to all single auxin or 
cytokinin treatments. Maximum shoot regeneration ( 6 - 8 shoots per 
culture) was observed on BAP (2mg/l) supplemented medium 10 days 
after inoculation. Rooting could not be observed in microshoots even 
after longer incubation. 3-4 shoots were also produced on Kn (1 & 
2mg/l) supplemented media (Tablc-43). 
Caulogenesis from the leaf explant was observed on BAP (5mg/ 
1) + lAA (0.5mg/l) after 14 days of inoculation and within a week 6-
7 shoots per explant were obtained. The shoot regeneration decreased 
with the decrease in BAP concentration. Whereas, BAP alongwith 
NAA (O.Smg & l.Omg/1) induced regeneration only at 5mg/l and only 
2-3 shoots were produced. The leaf explants did not show any 
response on BAP (1, 2 & 5mg/l) alongwith lAA (0.5mg/l). Ads in 
combination with lAA (0.5mg/l) proved to be best amongst other 
combinations. 
A maximum of 15-18 shoots were produced within two weeks 
through slight callusing in leaf on medium augmented with Ads 
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(15mg/l) + lAA (0.5mg/l) (Fig. 27-C). The regeneration potential 
decreased with the decrease in Ads concentration and subsequently 
rooting was also observed on all the above three media (Fig. 27-D). 
The incubation period for shoot bud induction was increased with the 
decrease of Ads concentration. 
Higher concentration of all the cytokinins tested produced 
highest number of microshoots through stem segment. BAP and Kn 
proved advantageous over Ads for caulogenesis and rhizogenesis. 
Whereas maximum shoot regeneration occured in Ads supplemented 
medium. A maximum of 35-40 shoots per explant were obtained on 
Ads (15mg/l) + lAA (0.5mg/l) (Fig. 27-F). The shoot regeneration 
started directly from nodal portion as well as from callus produced at 
cut end of the explant. The shoot regeneration started after 5* day of 
inoculation. The incubation period increased and the number of 
regenerants decreased as the concentration of Ads decreased. 
Regeneration on Ads (lOmgA) + lAA (0.5mg/l) required about 12 days 
to induce caulogenesis through bud break and an average of 27 
shoots/explant were obtained (Fig. 27-G), while on Ads (5mg/l) + 
LAA (0.5mg/l) 15 days incubation period was required and only 10-
15 shoots were obtained (Fig. 28-A, Table-43). 
NAA at lower concentration (0.5mg/l) alongwith BAP (1,2 or 
5mg/l) produced more microshoots through bud break as compared to 
higher level (lmg/1). Addition of NAA (0.5mg/l) to BAP (5mg/l) 
containing medium induced shoot regeneration alongwith subsequent 
rooting after 10 days of inoculation and 25-30 shoot buds per explant 
were noticed (Fig. 28-B,C), whereas NAA (lmg/1) with the same 
concentration of BAP produced 12-13 shoots only. Similarly with the 
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decrease in BAP concentration the shoot regeneration also decreased 
in both types of combinations. Addition of lAA (0.5mg/I) with Kn 
(1,2 & 5mg/l) also exhibited remarkable effect for multiple shoot 
regeneration directly from the explant. On this combination also the 
rooting of microshoots take place in the same culture after keeping 
the culture for longer duration. Here also the increase in the Kn 
concentration increased organogenesis and an average of 16 shoots per 
explant were obtained (Fig. 29-A). The Kn supplemented medium 
generally required longer incubation period for regeneration, which 
depends upon the concentration. With the increase in concentration 
the time span is decreased to 12 days from 18 days. 
Caulogenesis through calli is best exhibited on medium 
augmented with BAP (1,2 & 5mg/l) + NAA (lmg/1) and within 22 
days shoot bud initiation was noticed by appearance of fleshy leafy 
outgrowths. About 20-25 shoots were observed on BAP (5mg/l) + 
NAA (Img/l) (Fig. 29-B) followed by 16-18 on BAP (2mg/l) + NAA 
(lmg/1) (Fig. 27-E) and 3-4 shoots only on BAP (lmg/1) + NAA 
(Img/l) (Fig. 29-E). Higher concentration of Ads (15mg/l) also 
induced caulogenesis in calli after 25 days of incubation. Whereas, 
incubation period is reduced to 18 days in Kn (2mg/l) + lAA (0.5mg/l) 
supplemented medium and 7-8 shoot buds were noticed, which 
proliferated to healthy shoots (Fig. 29-D). On above or below 2mg/l 
of Kn the period required for shoot regeneration increased and the 
number of shoot regeneration is decreased to 3-5 only. BAP with 
lower concentration of NAA or lAA poorly responded for caulogenesis 
through subcultured calli (TabIe-43). 
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The single auxin treatment was effective for both shoot and root 
regeneration. NAA (2mg/l) was better auxin treatment and started 
regeneration within three weeks after inoculation and produced 6-7 
shoots per explant. The subcultured calli proliferated only on single 
cytokinin. Best rhizogenesis was observed on auxin treatment. Higher 
auxin treatment was more effective (TabIe-44). 
Among higher auxin to lower cytokinin ratio the leaf explant 
exhibited caulogenesis (2-3 shoots/explant) directly from the mid-rib 
on NAA (5mg/l) + BAP (0.5mg/l) 18 days after inoculation. Early 
shoot bud induction (15 days after inoculation) was noticed when 
the medium was augmented with IB A (1, 2 & 5mg/l) alongwith Kn 
(0.5mg/l) and 4-5 shoots per explant were obtained. Rhizogenesis was 
also observed in all the regenerated shoots on the same medium 
(TabIe-44). 
Stem explant responded poorly to higher auxin to lower 
cytokinin ratio as compared to higher cytokinins to lower auxin 
ratio. NAA (1, 2 & 5mg/I) or IBA (1, 2 & 5mg/l) alongwith Kn 
(0.5mg/l) proved better for shoot regeneration from nodal regions, 
subsequently rooting also occured (Fig. 29-C). Whereas on media 
augmented with NAA or IBA alongwith BAP (0.5mg/l) responded 
almost similarly and 3-4 shoots without rooting were observed. 
Rhizogenesis and few shoot buds formation was observed after slight 
callusing on IBA (2 or 5mg/l) + BAP (0.5mg/l) supplemented media 
(Table-44). 
The subcultured calli on higher auxin to lower cytokinin ratio 
responded better than leaf and stem segment explants. It has also 
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been observed that for caulogenesis, higher concentration (2 or 5mg/l) 
of auxins (NAA or IB A) was required if Kn (0.5mg/l) was added to 
the medium. Whereas addition of BAP (0.5mg/l) to the medium 
required lower concentration (1 or 2mg/l) of auxins. But again the 
BAP proved better addendum as a supplement with IB A (I or 2mgA) 
or NAA (4mg/l). Multiple shoot buds were observed 25 days after 
incubation on IBA (lmg/1) + BAP (0.5mg/l). Kn supplemented media 
required 30-35 days of incubation period to induce caulogenesis and 
comparatively smaller number of shoots were produced (TabIe-44). 
On half strength MS medium a very large number of shoot 
regeneration was observed on medium augmented with Kn or BAP 
(1, 2 & 5mg/l) alongwith NAA or lAA (0.5mg/l). The BAP and 
lAA combination was better than Kn and NAA. Direct shoot 
regeneration through nodal region was observed 6 days after 
inoculation. Emergence of new shoots continued upto 4"' week, 
thereafter decreased and within 5-6 weeks 32-37 shoots per explant 
were obtained (Fig. 29-F). The regeneration potential decreased with 
the decrease in BAP concentration. Kn and NAA combination 
exhibited shoot regeneration followed by rhizogenesis. The shoot 
regeneration increased with the increase in Kn concentration but 
the number of regenerant was nearly half as compared to BAP 
augmented media. On Kn (5mg/l) + NAA (0.5mg/l) regneration started 
15 days after inoculation and within three weeks 12-14 shoots per 
explant were obtained. Leaf explant could not respond to any media, 
whereas subcultured calli responded to lower concentration of Kn or 
BAP (1 & 2mgA) for multiple shoot regeneration. Shoot regeneration 
was observed 30-35 days after subculturing on Kn (lmg/1) + NAA 
v. 
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(0.5mg/l) and 3-4 shoots per culture were obtained. Similarly a few 
shoots were noticed on BAP (lmg/1) + lAA (0.5mg/l) supplemented 
medium 35 days after incubation (Table-45). 
The MS medium containing half minor salts supplemented with 
above said hormonal combinations and concentrations proved 
ineffective for leaf explant. However, stem segments and subcultured 
calli exhibited good response. This modified medium containing Kn + 
NAA was better as compared to BAP + lAA combination. 9-10 shoots 
were observed 18 days after inoculation on Kn (5mg/l) + NAA 
(0.5mg/l) followed by lower concentrations of Kn and BAP + lAA 
combinations. On BAP + lAA containing media, initiation of shoot 
regeneration was comparatively earlier. On all the three concentrations 
of BAP + lAA (0.5mg/l) and Kn (lmg/1) + NAA (0.5mg/l) rooting in 
microshoots was also observed if the cultures were kept for longer 
duration. 
The subcultured calli on this modified MS medium produced 
shoot buds only on BAP plus lAA containing medium. However, Kn 
(1 or 2mg/l) + NAA (0.5mg/l) produced shoots. The lower 
concentration of Kn (lmg/1) was better (Table-45). 
4.5.5 Dalbergia sissoo : 
To evaluate the caulogenic potential of D. sissoo the leaf, nodal 
segment and calli produced from leaf explant on BAP (5mg/l) + NAA 
(0.2mg/l) + glutamic acid (50mg/l) (Fig. 30-B) were taken into 
account. The nodal segment cultured on MS medium showed axillary bud 
proliferation only, while other explants remained quiescent. Addition of 
single auxin exhibited callogenesis or rhizogenesis only (Table-46). 
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Lower concentration of BAP (1 & 2mg/l) alongwith NAA (Img/ 
1) was ineffective to induce even callusing in leaf and stem explant 
while subcultured calli obtained through leaf explant on BAP (5mg/l) 
+ NAA (0.2mg/l) + glutamic acid (50mg/l) proliferated. At BAP 
(5mg/l) + NAA (lmg/1) callusing was observed in leaf explant while 
a multiple of 3-5 shoot buds were observed from nodal portion 14 
days afta- incubation. The shoot buds differentiated into shoots with healthy 
leaves with in week, but the growth in shoots was slow (Fig. 30-A). 
Lower concentration of NAA (0.2mg/l) alongwith BAP (1,2 & 
5mgA) induced callusing in leaf explant at all concentrations, however 
multiple shoot regeneration was observed from nodal segment on BAP 
(5mg/l) + NAA (0.2mg/l) after 18 days of incubation. The shoot bud 
remained quiescent for 3-4 weeks, later slight differentiation was 
noticed. On the same medium the subcultured calli started 
pigmentation after 10 days of subculturing. Within a week smooth 
compact outgrowth was observed at several places. Later 1-2 leafy 
outgrowths emerged from these regions 25 days after incubation 
(TabIe-46). 
Addition of glutamic acid (50mg/l) to the media augmented 
with BAP (1, 2 & 5mg/l) + NAA (0.2mg/l) proved to be the best 
combination for caulogenesis. On higher concentration of BAP (5mg/l) 
+ NAA (0.2mg/l) + glutamic acid (50mg/l) callusing was first noticed 
18 days after inoculation followed by 15 days on BAP (2mg/l) + 
NAA (0.2mg/l) + glutamic acid (50mg/l). Shoot bud differentiation was 
observed after incubation of 30 days and 4-5 shoot buds were 
produced on BAP (5mg/l) + NAA (0.2mg/l) + glutamic acid (50mg/l), 
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while 1-2 shoot buds on BAP (2mg/l) + NAA 0.2mg/l) + glutamic 
acid (50mg/l) augmented media. In stem explant bud break occured on 
all the three media within 10-15 days of incubation. Higher 
concentration of BAP (5mg/l) required lesser time to induce 
organogenesis as compared to lower concentration of BAP (2mg/l). A 
maximum of 4-6 shoots were obtained on BAP (5mg/l) + NAA 
(0.2mg/l) + glutamic acid (50mg/l) followed by 1-2 shoots per explant 
on other two combinations. The shoot bud initiation was observed 
after three weeks of incubation (Table-46). 
The subcultured calli on above said media showed shoot bud 
regeneration but complete plant formation occured only on BAP (5mg/l) 
+ NAA (0.2mg/l) + glutamic acid (50mg/l) and within 15 days of 
incubation about 3-4 shoot buds were observed which required further 
incubation of one week for differentiation into complete plantlets and 
within 2 weeks the shoots attained a height of 3-4cm (Fig. 30-C,D). 
While the lower concentration of BAP containing media induced only 
shoot buds and the number decreased with the decrease in BAP 
concentration and also incubation period increased with the decrease in 
BAP concentration (Table-46). 
Addition of aspartic acid (50mg/l) to the media could not 
improve its effectiveness for caulogenesis in any of the explants. 
However, callogenesis was induced in leaf and with higher intensity in 
stem explants. Whereas, the subcultured calli showed rhizogenesis and 
with the increase in the concentration of BAP proliferation in calli 
and rhizogenesis increased (Table-46). 
Higher concentration of NAA (1, 2 & 5mg/l) with BAP 
s: 
s: 
Q 
.Si 
I 
E2 
to 
s: 
u 
a 
a 
v 
w 
a 
V 
&&& a a a 
u o u 
o. a a. 
U U U a. o.'V 0 U — 
to t « 
CJ f^ m 
(Hi oi: oi 
o. a a 
u u u 
« 
w * : 
- u u 
JS JS 
(A (A 
• ' " ^ 
Vi 
: «^ 
. U rA 
JO 
* * w 
U U vo 
M M (O 
cs <s r« 
— — ^ ^ - ^ U U U 
. u u 
+ + + + + + 
+ •• + + + + • + + + + 
U U U U U U CJ U U U U 
CB 
« 
< 
CB 
5 
e» 
ge 
U 
a 0 
a 
0 
B 
+ 
CA 
s 
»-
"M 
£ 
0. 
r< 
0. •'^  a. 
< < < 
OQ 
+ 
(A 
OQ 
+ 
10 
DO 
+ 
(A 
2 2 s 
c" c" d" 
ud ui :^  
+ 
w 
+ 
M 
+ 
CO 
2 2 s 
< < < 
< < < 
Z Z Z 
+ + + 
0. 0. (X 
< < <: 
03 OQ oa 
+ + + 
t/3 CO W3 
S S S 
r* M r* 
0 0 0 
< < < 
< < < 
z z z 
+ + + 
a. 0. Q. 
< < < 
OQ 03 DO 
+ + + 
CO CO t/3 
s s s 
0 
«" 
0 
js' 
0 
js" 
0 a a 
+ 
c 
+ 
c 
+ 
0 
< < < 
< < 
z z 
+ 
a.' 
< 
OQ 
+ 
CO 
2 
+ 
r* 
CL 
< 
OQ 
+ 
CO 
S 
< 
Z 
+ 
w^ 
CL 
< 
OQ 
+ 
CO 
2 
0 J. 5. 
f 2 2 
^ < < 
+ + + 
r* r* c< 
0 0 0 
< < < 
< < < 
z z z 
+ + + ^ " C* "^ 
CL a . cu 
< < < 
OQ CQ OQ 
+ + + 
CO CO CO 
V 
c 
0 
N 
£ 
o: 
0 
0 
OL 
in 
V 
C 
«> 60 
0 
N 
«> 
N 
« 
•o 0 
S 
oi oC 
S M 
V> W 
C C 
«> w 
«, bO bO 
•2 o o S .2 = 
c ^ « 
60 !? —^ 
o ^ .2 
2 •« " 
«^  5 5 
<o O S 
S =; .2 
+ + + 
§ 
1 
1 
CO 
a 
U 
§ 
I 
fi ^ ^ 
«2 «> 
I U 
rt t / 3 
Ml CO 
« 5 0 
(3 
I 
J3 -G + + + + 
w w U U U U 
0 c t! 0 2-5 
~ A CL 3 
« u 
•- c 0 "" 
' • s ? 
60 a 
5: ^ 
< v O 
ts n 
n n 
a 0 
lA 
e 0 
CL 
0 
z 
1 
V 
c 
« 60 
0 
3 
(Q 
u 
«^  u u 
• 0 
c 
1 
10 
n 
n 
10 
U 
125 
(0.5mg/l) and even further addition of aspartic acid (50mg/l) could not 
show its fitness to explore the caulogenic potential of leaf, stem or 
calli explants and exhibited mostly rhizogenesis and some callogenesis. 
NAA (1, 2 & 5mg/l) alongwith BAP (0.5mg/l) induced callusing in 
leaf and stem explants and few roots in subcultured calli, while 
alongwith Kn (0.5mg/l) rooting effect was increased and further 
addition of aspartic acid (50mg/l) supported profuse rhizogenesis after 
slight callusing in the explants (Table-47). 
The addition of glutamic acid to NAA (1, 2 & 5mg/l) + BAP 
(0.5mg/l) showed some remarkable effect to get shoot or shoot bud 
differentiation directly or indirectly from stem explants. Leaf explants 
first callused then showed some shoot buds on NAA (lmg/1) + BAP 
(0.5mg/l) + glutamic acid (50mg/l). On this medium callusing started 
after 1 week of inoculation. Creamy smooth callus was produced, 
which started nodulation after 2 weeks of its emergence. On 23"* day 
root initiation was noticed and on 25* day shoot bud like outgrowths 
were also noticed. Roots were few in number and 2-3 shoot buds 
were obtained in 5 weeks old cultures. Similar organogenic potential 
was displayed by subcultured calli also and after 35 days 2-3 shoot 
buds were noticed. Whereas, stem segment showed bud break within 
12 days on NAA (lmg/1) + BAP (0.5mg/l) + glutamic acid (50mg/l) 
followed by shoot buds formation only on NAA (2mg/l) + BAP (0.5mg/l) 
+ glutamic acid (50mg/l) after 18 days of incubation (Table-47). 
4.5.6 Cannabis sativa 
Regeneration of multiple shoots in C. sativa through leaf, stem 
segments and callus could not be induced on single hormonal 
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supplemented media, however interaction of auxins and cytokinins 
proved better. 
BAP (1, 2 & 5mg/l) alongwith NAA (lmg/1) induced callusing in 
leaf explant and exhibited faster growth in callus with the increase in 
BAP concentration. Indirect shoot bud differentiation was observed 
when the medium was supplemented with higher concentration of NAA 
(2mg/l) alongwith BAP (lmg/1). Within 12 days of inoculation 
nodular green calli were observed from the cut margin of the leaf, 
later these nodular calli differentiated into shoot buds (2-3 shoots/ 
explant). Number of shoot bud differentiation increased on BAP (2mg/ 
1) + NAA (2mg/l) (Fig. 31-A). But further increase in BAP 
concentration (5mg/l) alongwith NAA (0.2mg/l) favoured fast growing 
smooth callusing followed by rhizogenesis (Table-48). 
Supplement of Kn (1, 2 & 5mg/l) alongwith lAA (lmg/1) 
favoured direct rhizogenesis from leaf explant. Rhizogenesis 
decreased with the increase in Kn concentration. 
In stem explant BAP (lmg/1) + NAA (lmg/1) was ineffective 
for multiple shoot induction, but favoured lateral bud proliferation. 
Bud break was noticed on BAP (2mg/l) + NAA (lmg/1) after 10 
days of inoculation and 3-4 shoots per explant were obtained. The 
number of shoot regeneration increased (6-7 shoots per explant) with 
the increase in BAP concentration (5mg/l) and also comparatively 
early bud break was noticed (Fig. 31-B). 
Addition of NAA (2mg/l) alongwith BAP (1, 2 & 5mg/l) further 
increased the number of shoot regeneration. Higher cncentration of 
BAP produced a maximum of 10-12 shoots per explant followed by 
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3-4 shoots per explant at lower concentration. The incubation period was 
same (7-10 days) in all the three concentrations. 
MS medium supplemented with Kn (1,2 & 5mg/l) alongwith lAA 
(lmg/1) exhibited poor regenerative capacity as compared to BAP + 
NAA. At higher concentration of Kn (5mg/l) + lAA (lmg/1) 
regeneration of shoots was observed after 20 days of incubation and 
2-3 shoots were only obtained. At lower concentration of Kn (1 & 
2mg/l) lateral bud proliferation was noticed. 
The subcultured calli on BAP (1, 2 & 5mg/l) + NAA (lmg/1) 
proliferated only. Rhizogenic effect was observed with the increase in 
NAA concentration (2mg/l) alongwith BAP (1 & 2mg/l). However, on 
BAP (5mg/l) + NAA (2mg/l) shoot bud differentiation started 10 days 
after incubation. About 6-7 stunty shoots with fleshy leaves primordia 
were obtained within two weeks after shoot bud initiation (Fig. 31-C, 
Table-48). 
Supplement of Kn (1, 2 & 5mg/l) alongwith lAA (lmg/1) 
induced caulogenesis in subcultured calli and exhibited that lower 
concentration of Kn was more effective. 4-5 shoot buds were observed 
on Kn (1 or 2mg/l) + lAA (lmg/1) 12 days after subculturing. 
However, at Kn (5mg/l) + lAA (lmg/1) shoot bud differentiation 
started after 20 days of subculturing and only 1-2 shoot buds 
differentiated (Table-48). 
Indirect shoot bud differentiation through leaf explant was 
observed when the medium was augmented with NAA (0.1, 0.2 & 
0.5mg/l) alongwith BAP (0.5mg/I). On NAA (0.5mg/l) + BAP (0.5mg/l) 
shoot bud differentiation was observed 21 days after inoculation 
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followed by other two media. Same concentration of NAA alongwith 
Kn (0.5mg/l) was ineffective. However, NAA (1, 2 & 5mg/l) alongwith 
Kn (lmg/1) induced rhizogenesis only at lower concentratin of NAA 
(1, 2 & 5mg/l) and rhizogenesis after callusing on NAA (5mg/l) 
(Table-49) 
Stem explant also exhibited poor response on media 
supplemented with higher auxin concentration alongwith low 
concentration of cytokinin. On NAA (lmg/1) + Kn (lmg/1) 1-2 
shoots were observed from nodal region one week after inoculation. 
However, on NAA (2mg/l) + Kn (lmg/1) first rhizogenesis was induced 
(within a week) and shoot bud differentiation from nodal region was 
observed 21 days after inoculation. Rhizogenic effect further increased 
with the increase in NAA concentration. Lower concentration of NAA 
(0.1, 0.2 or 0.5mg/l) alongwith Kn (0.5mg/l) proved ineffective for 
caulogenesis but lateral bud proliferation was observed (Tablc-49). 
The subcultured calli on different media proliferated except NAA 
(5mg/l) + Kn (lmg/1) on which differentiation of shoot buds takes 
place 31 days after subculturing (Table-49). 
Synergistic effects of BAP and Kn alongwith NAA was also 
studied. Among various combinations tested BAP (lmg/1) + Kn 
(lmg/1) + NAA (0.5mg/l) induced shoot bud regeneration after 
slight callusing from cut margins and subsequent rhizogenesis was also 
noticed on BAP (2mg/l) + Kn (lmg/1) + NAA (0.5mg/l) (Table-48). 
Multiple shoot regeneration through nodal segment culture was 
obtained on BAP (2mg/l) + Kn (lmg/1) + NAA (0.5mg/l). Regeneration 
started after 10 days and 5-6 shoots per explant were obtained. The 
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Other four combinations also exhibited bud break and proliferation but 
with slower rate (Table-48). 
Shoot bud differentiation through subcultured calli was observed 
on Kn (2mg/l) + BAP (2mg/l) + NAA (0.5mg/l) supplemented medium 
only, while other media showed proliferation (TabIe-48). 
4.6 Somatic embryogenesis 
The calli raised through leaf explants on 2,4-D containing media 
were kept for proliferation on MS + BAP (0.5mg/l) + lAA (0.05mg/l). 
The one month old creamy coloured calli slightly friable in nature 
were used to subculture on embryogenic medium (Table-50). 
Embryogenesis was significant in Mentha arvensis followed by 
Helianthus annuus, Ocimum sanctum & Brassica juncea. However, 
Dalbergia sissoo and Cannabis sativa calli did not exhibit 
embryogenic potentials. The detailed studies are described below : 
4.6.1 Mentha arvensis 
The embryogenic response of single auxin or cytokin containing 
MS media was not significant but on half strength MS medium better 
response was observed. Induction of embryoids was observed on MS 
+ 2,4-D (1 & 2mg/l) after 25 days of incubation followed by NAA 
(lmg/1). BAP (2 or lmg/1) augmented MS medium showed early 
embryoid differentiation 20 days after inoculation (Fig. 32-A). 
Whereas on half MS + 2,4-D (1 or 2mg/l) embryogenesis started 
after 18 days of incubation and the number of embryoids also 
increased. On MS/2 + NAA (Img/l) only a few embryoids were 
observed after 6 weeks of incubation (TabIe-50). 
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On MS/2 + BAP (1 or 2mg/l) embryogenesis was better and 
observed after 18 days of incubation. The maturation and germination 
of embryoids also occured and about 10-15 plants were obtained 
(Fig. 32-B, Table-51). The embryogenic effect was enhanced on auxin 
containing media supplemented with BAP (0.5mg/l). On MS + 2,4-D 
(lmg/1) + BAP (0.5mg/l) embryoid differentiation was observed after 
15 days of incubation followed by 2,4-D (2mg/l) augmented medium. 
The embryoids attained maturation and subsequently germinated 
(Fig. 33-E). Similar response was also exhibited by MS + BAP (1 or 
2mg/l) + NAA (0.5mg/l) (Fig. 33-F,H, TabIe-50). 
The embryogenic response was further improved on MS/2 
medium. Large number of embryoids were obtained on MS/2 + 2,4-
D (1 or 2mg/l) + BAP (0.5mg/l) followed by NAA (lmg/1) + BAP 
(0.5mg/l) (Fig. 32-C). On MS/2 + 2,4-D (lmg/1) + BAP (0.5mg/l) 
25-30 plants were obtained (Fig. 32-G). However, significant 
improvement was noticed on MS/2 + BAP (lmg/1) + NAA (0.5mg/ 
1) and about 175 plants per culture were obtained within 4 weeks 
after the emergence of embryoids 10 days after subculture (Fig. 33-D). 
The embryoid formation and germination from subcultured calli 
continued upto 8 weeks but the germination decreased with the time 
span (Table-51). 
Addition of glutamic acid to above said combination further 
improved the number of embryoids differentiation and germination. 
But at higher NAA concentration germination of embryoids was 
inhibited and only 5-6 plants were obtained (Table-51). 
4.6.2 Helianthus annuus 
Among single auxin or cytokinin augmented MS medium, 2,4-D 
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and NAA (lmg/1) only showed some embryogenic effects. On MS + 
2,4-D (lmg/1) differentiation of embryoids was observed after 26 
days of incubation. The globular embryoids were identified with the 
help of stereo microscope. Within a week several embryoids developed 
into heart shaped structures. Later, further development stopped. A few 
embryoids were also observed on MS + NAA (lmg/1) after 30 days of 
incubation, but maturation and germination could not be observed 
(Table-50). 
Number of embryoid differentiation increased on MS/2 medium. 
On MS/2 + 2,4-D (lmg/1) embryogenesis was observed 22°^  days after 
inoculation followed by MS/2 + 2,4-D (2mg/l) 20 days after 
subculturing Whereas NAA (2mg/l) showed similar response as on ftill 
strength MS medium. However, MS/2 medium augmented with BAP 
(lmg/1) also showed embryoid development but few in number and 
with delayed response (Table-51). 
Addition of BAP (0.5mg/l) to the auxin containing MS media 
improved the embryogenic potentials. On MS + 2,4-D (lmg/1) + BAP 
(0.5mg/l) a large number of globular embryoids were seen after 20 
days of incubation, which differentiated into cotyledonary structures 
wathin 10 days of their appearance, but differentiation into plants 
did not occur (Fig. 34-A). The number of embryoids also increased on 
MS + 2,4-D (2mg/l) + BAP (0.5mg/l) and MS + NAA (lmg/1) + BAP 
(0.5mg/I). However, BAP (1 or 2mg/l) alongwith NAA (0.5mg/l) 
showed significant increase in embryoid formation (Table-50). 
On MS/2 medium the above said auxin concentrations plus BAP 
(0.5mg/l) did not improve embryogenic response, but cytokinin 
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alongwith NAA (0.5mg/l) showed significant improvement. On MS/2 + 
BAP (lmg/1) + NAA (0.5mg/l) embryoids were observed within 14 
days of incubation and transformed into cotyledonary structures within 
a week. On this medium germination of embryoids was also observed 
and 6-7 plants per culture were obtained (Fig. 34-B). The embryoids 
also developed on BAP (2mg'l) or Kn (lmg/1) supplemented media but 
germination could not been achieved (Table-51). 
The embryogenic potential of above said combination was further 
improved when glutamic acid (50mg/l) was added. On MS/2 + 2,4-D 
(lmg/1) + BAP (0.5mg/l) + glutamic acid (50mg/l) embryogenesis 
started after 10 days of incubation followed by 2,4-D (2mg/l) 
containing medium. Significant improvement was also observed on MS/ 
2 + BAP (1 or 2mg/l) + NAA (0.5mg/l) + glutamic acid (50mg/l) and 
within a week embryoid differentiation was noticed. After attaining 
cotyledonary stage (10 days after emergence) germination was 
noticed and 10-15 plants were obtained (Fig. 34-C). Precautious 
germiantion was observed with the increase in BAP concentration. 
However, embryoid differentiation decreased with the increase in NAA 
concentration from 0.5mg/l to lmg/1 (Table-51). 
4.6.3 Ocimum sanctum 
The embryogenesis in O. sanctum was observed on MS + 2,4-D 
or BAP (lmg/1) containing media after 30 days of incubation. The 
response was slightly improved when the strength of MS was reduced 
to half On MS/2 + 2,4-D (lmg/1) embryoid formation was observed 
after 25 days of incubation followed by 2,4-D (2mg/l) (Fig. 35-A). 
Germination could not been observed. MS/2 + NAA (lmg/1) showed 
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similar effect as on 2,4-D but with delayed response. On MS/2 + 
BAP (2mg/l) embryogenesis was observed after 20 days of 
subculturing. 
Addition of BAP (0.5mg/l) to the auxin containing MS medium 
enhanced the embryoid differentiation. It was observed that higher 
concentration of 2,4-D (2mg/l) alongwith BAP (0.5mg/l) was more 
effective as compared to lower cocentration (lmg/1). Embryoid 
differentiation was noticed on 2,4-D (2mg/l) + BAP (0.5mg/l) after 
18 days of subculture (Fig. 35-B), while on MS + NAA (lmg/1) + 
BAP (0.5mg/l) after 15 days with few embryoids. Addition of NAA 
(0.5mg/l) to MS + BAP showed better response than single BAP 
supplement. MS + BAP (2mg/l) + NAA (0.5mg/l) induced 
embryogenesis after 18 days of incubation followed by BAP (lmg/1) + 
NAA (0.5mg/l) containing medium (Table-50). 
The embryogenic response improved significantly on MS/2 and 
best medium was MS/2 + 2,4-D (lmg/1) + BAP (0.5mg/l). On this 
medium embryogenesis was observed after 14 days of incubation and 
large number of cotyledonary embryoids were differentiated and about 
4-5 well developed plants were obtained (Fig. 35-C). The effect of 
BAP + NAA (0.5mg/l) also improved on MS/2. Addition of glutamic 
acid (50mg/l) did not improve embryogenic response and remained as 
good as without glutamic acid (Table-Sl). 
4.6.4 Brassica juncea 
The embryogenic response in B. juncea calli was rather poor. 
On MS + 2,4-D (2mg/l) few embryoids were observed after 30 days 
of incubation (Table-50). Whereas, on MS/2 + 2,4-D (lmg/1) embroid 
Si 
b5 
• • 
o 
If) 
I 
<• 
& 
<fl 
u 
§ 
.1? KJ 
c5 
1 1 
X + 
I I I I I I I I I I I > 
+ . \ u .. tl 
§ 
c 
I I I I I I I I I 
I+ II XX + . + $ 
•3. 
A3 
S 
3 
C 
ia: 
n V 
e 
o 
S ^ 
B a 
+ ^ 
1 + 
X 1 
Q Q 
1 • 
• * . ' * . 
IN* «N" 
+ + 
1 1 
+ • 
ii 
+ + 
C/l CO 
1 1 
1 1 
ffl ffl 
+ + 
1 1 
1 1 
+ + 
C/3 C/3 
1 t 
It 
d o 
^ ^ 
OQ OQ 
+ + 
O Q 
1 1 
+ + 
CO 0 0 
1 1 
+ 1 
d d 
^ ^ 
OQ CD 
+ + 
z z 
+ + 
t/3 C/5 
1 1 
t + 
z z 
+ + 
m ffl 
+ + 
1/3 Ui 
2 S 
1 1 
1 1 
Z Z 
+ + 
+ + 
C/3 M S 2 
+ 
+ + 
+ 
+ 
+ 
+ 
+ 
s o 
B 
a> 
£ p 
a c 
• ^ 
% 
J2 
u 
^ 
^ 
i i 
JS 
u 
s 
,2 
T> 
IS 
<J 
•5. 
V 
Q(2 
• ^ 
134 
differentiation increased (Fig. 36-A, Table-51). MS + BAP (1 or 
2mg/l) induced embryogenesis after 35 days of incubation (Table-50). 
Embryogenic effect of 2,4-D increased slightly with the addition 
of BAP (0.5nig/l) and embryoids were observed after 20 days of 
incubation. It was noticed that MS/2 required lower concentration of 
2,4-D as compared to MS. Further, addition of glutamic acid (50mg/l) 
to MS/2 + 2,4-D (lmg/1) + BAP (0.5mg/l) induced early embryoid 
differentiation 14 days after subculture (Fig. 36-B). MS/2 + BAP 
(Img/I) + NAA (0.5mg/l) + glutamic acid (50mg/l) also developed some 
embryoids. Germination of embryoids could not be observed (Table-51). 
4.6.5 & 6 Dalbergia sissoo and Cannabis sativa 
D. sissoo and C. sativa did not show any embryogenic response 
at all (Table-50,51). 
4.7 Rooting in Microshoots 
4.7.1 Helianthus annuus 
For the induction of roots in microshoots of H. annuus the 
MS medium was supplemented with various auxins singly as well as in 
combinations. On MS + NAA (2mg/l) maximum response was noticed 
with the 100 percent rooting followed by NAA (lmg/1) with 70% 
rooting. Rooting started 7 days after on NAA (2mg/l) and after 10 
days on NAA (lmg/1) supplemented media. Average number of roots 
was maximum (7.8 per shoot) with maximum average root length of 
5.4cm on MS + NAA (lmg/1) followed by MS + NAA (2mg/l). 
IBA (1 & 2mg/l) supplemented media also responded better for 
root induction. The average root number was 6.2 per shoot. The 
Table - SI: H. annuus - Rooting response of microshoots on auxin 
supplemented MS medium. 
MS + Auxin 
(mg/I) 
MS + IBA, 
MS + IBA, 
MS + NAA, 
MS + NAA, 
MS + lAA, 
MS + lAA, 
MS + NAA ,^ 
MS+NAA, 
MS + NAA, 
MS + NAA, 
V 
,+ IBA, 
+ IBA,, 
. + IBA, 
+ IBA,„ 
% response 
60% 
90% 
70% 
100°/o 
60% 
70% 
90% 
90% 
100% 
100% 
Average no roots 
+ SD 
6.2 ±0.7483 
6.2 + 04 
7 8 + 08 
6 6 ± 0 4898 
3 ± 0.6324 
3.6 ± 0 4849 
6 ±0.6324 
5.9 ±0.2 
7.6 ±0.4899 
7.2 ±0.7483 
Avenge root length 
(cm)+SD 
4.7 ±0.7483 
3 5±03162 
5 4±0.3741 
4 9 ± 0 5830 
2,4 ±0.3741 
2.7 ±0 2449 
4.6 ±0.3382 
4.8 ± 0.2449 
5.2 ±0.4 
5 ± 0.4899 
J 
Data ; 21 days after incubation 
Data : Average of ten replicates 
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rooting was induced 7 days after incubation on NAA (2nig/l) followed 
by 12 days on NAA (lmg/1) supplemented media. The lAA containing 
media were least effective for rooting with 60-70% response. 
Combination of IBA and NAA further improved the rooting 
response. On MS + NAA (1.5mg/l) + IBA (lmg/1) and MS + NAA 
(2mg/l) + IBA (0.5mg/l) 100 percent response were noticed and 
maximum number of considerably long roots was observed (Fig. 37-A). 
On both the above media rooting started after 4-5 days of incubation 
wdth moderate branching. Whereas on MS + NAA (0.5-lmg/l) + IBA 
(1.5-2mg/l) branching in root was better and thick roots were 
produced. However, single treatment of NAA was better for the 
production of large number of roots and also maximum average length 
(Table-52). 
4.7.2 Brassica juncea 
The regenerated shoots of Brassica juncea measuring about 2.5-
3cm in length were separated from parental tissue and cultured on 
rooting media comprised either single auxin treatment (lAA, IBA & 
NAA) or two auxins in combination. Maximum response was noticed 
in NAA and IBA combination at various concentrations followed by 
single auxin treatment of NAA. 
Among single auxins NAA (1 & 2mg/l) induced rooting in 
microshoots after 4"" day of plantation with 80 and 100 percent 
response respectively. Within two weeks 7.6 roots in average were 
produced with average root length of 3.9 cm. The other auxins singly 
also produced roots but with lesser frequency and delayed root 
initiation. Fastest growth in roots took place on lAA (1 & 2mg/l) 
Table - 53 : B. juncea - Rooting response of microshoots on auxin 
supplemented MS medium. 
MS + Auxin 
(mg/l) 
MS + lAA, 
MS + IAA, 
MS + ffiA, 
MS + ffiA, 
MS + NAA, 
MS + NAA._ 
MS + NAA ,^ 
MS + NAA, 
MS + NAA, 
MS + NAA^ 
'^  
,+ IBA, 
+ ffiA,; 
,+ IBA, 
+ I B A . 
% response 
40% 
70% 
60% 
90% 
80% 
100% 
80% 
90% 
100% 
100% 
Average no roots 
+ SD 
2 4 + 0 4898 
3 8 + 0 7483 
3 2 + 0 7483 
5 4 ± 0 8 
6 4 + 0 4898 
7 6 + 0 4898 
4 ± 0 6324 
4 6 ± 0 4899 
5 4 + 0 3741 
5 8 + 0 2449 
Average root length 
(cm) + SD 
4 + 0 6324 
4 2 ± 0 4 
3 3 ± 0 6 
3 7 + 04 
2 8 + 0 2449 
3 9 + 0 5830 
2 9 + 04898 
3 3 + 0 2449 
2 9 + 0 3741 
2 8 ± 0 4 
> 
Data 21 days after incubation 
Data Average of ten replicates 
Table - 54 : O. sanctum - Rooting response ofmicroshoots on auxin 
supplemented MS medium. 
MS + Auxin 
(mg/I) 
MS + lAA, 
MS + lAA,, 
MS + lAA. 
MS + IBA, 
MS + IBA,, 
MS + BA. 
MS + NAA, 
MS + NAA,, 
MS + NAA, 
% response 
50% 
55% 
60% 
60" 0 
75% 
80% 
70% 
90% 
85°'o 
Average no roots 
+ SD 
2 3 ± 0 6403 
3 + 0 6324 
32 + 06 
2 + 0 6324 
3.3 ±0 6403 
5 6±1 0198 
3 3 ± 6403 
54 + 08 
8 7 ± 0 9 
Average root length 
(cm) + SD 
2 1 ± 0 3742 
2 5 ± 0 3 1 6 2 
1 8 ± 0 2449 
2 9 ± 0 4898 
3 6 ± 0 3742 
2 6 ± 0 5830 
3 4 + 0 3742 
3 3 ± 0 4 
3 1 ± 0 3742 
Data 21 days after incubation 
Data Average of ten replicates 
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supplemented media with average length of 4cm and 4.2cm 
respectively within 10 days of its emergence. 
Higher concentration of NAA (1.5 & 2mg/l) with respect to 
IB A (1 & 0.5mg/l) proved to be the best medium for 100 percent 
response followed by lower concentration of NAA (1 & 0.5mg/l) with 
respect to IBA (1.5 & 2mg/l) with 90 & 80 percent response 
respectively. 
Rooting initiated after 4"' day of inoculation on higher NAA 
+ lower IBA and produced an average of 5.8 root per shootlet 
within two weeks of initiation. The number of roots decreased 
gradually on lower NAA and higher IBA containing media. But faster 
growth in root was noticed on medium with higher concentration of 
IBA (1.5mg/l) + NAA (lmg/1) and an average of 3.3cm long roots 
were obtained in two weeks duration, but above or below l.SmgA of 
IBA and lmg/1 NAA combination grov^h in root decreased. Branching 
in roots was also better on combined auxins supplemented media 
(Table-53). 
4.7.3 Ocimum sanctum 
The microshoots of O. sanctum measuring 3-4 cms in length 
were excised from the parental tissue or calli and planted on auxin 
supplemented MS medium. Among various auxins (lAA, IBA, NAA) 
tested at various concentrations (1, 1.5 & 2mg/l) NAA proved to be 
the best for maximum root regeneration. 
At 1.5mg/l of NAA concentration early root induction was 
noticed 6 days of incubation with an average of 5.4 roots per explant 
Table -55: M. arvensis - Rooting response ofmicroshoots on aiain 
supplemented MS & MS/2 medium. 
^MS +Auxin 
(mgl) 
MS + NAA,,, 
MS + NAA, 
MS + NAA, 
MS + IBA^^ , 
MS + BA, 
MS + BA, 
MS + IAAj,, 
MS + IAA, 
MS + IAA, 
MS/2 + BA,,, 
MS/2 + BA, 
MS/2 + BA, 
% response 
50% 
70% 
90% 
40% 
70% 
100% 
30% 
50% 
70<'-o 
80% 
90% 
100% 
Average no roots 
+ SD 
4 4 + 0 4899 
6 4 + 1 0198 
7 + 0 6325 
2 6 + 0 4899 
5.4 ±0 4899 
5 6 + 0 4899 
1.8 + 04 
2.6 + 0 4899 
3.2 + 04 
3.2 + 0 7483 
5 + 0.6325 
7 + 0 6325 
Average root length 
(cm) + SD 
2.6 + 0 3742 
4 4 + 0 8 
5 1 + 0 2 
2 + 03162 
3.3 ± 0 4 
3 6 ± 0 3742 
1,3 ± 0 245 
1 64 ± 0 196 
1.82±0.I833 
2 8 ± 0 245 
3.3 ±0.245 
4.4 ± 0 4898 
> 
Data . 21 days after incubation 
Data : Average of ten replicates 
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and 90% cultures responded (Fig. 38-A). On NAA (2mg/l) 85% of 
cultures rooted well after 10 days of plantation and within 3 weeks an 
average of 8.7 roots per explant were obtained (Fig. 38-B). Maximum 
growth in root occured at lower concentration of NAA. The roots 
were less branched, thin and whitish in colour. 
On IB A supplemented medium the rooting started after 10-14 
days of incubation with the maximum response of 80% in IBA 
(2mg/l) followed by lower concentration (1.5 & lmg/1) (Fig. 38-
C,D). Maximum roots were obtained on IBA (2mg/l) with an 
average of 5.6 per explant. But the roots w^re highly branched, 
thick and brownish in colour. For maximum growth in root IBA 
(1.5mg/l) was the best medium. Addition of lAA (2mg/l) showed least 
effect and an average of 3.2 roots per explant were noticed which 
decreased further if concentration decreased. Least growth in root 
1.8cm average took place on lAA 2mg/l (Table-54). 
4.7.4 Mentha arvensis 
In Mentha arvensis most of the regenerants subsequently 
rooted on the same media specially on BAP supplemented media. 
The regenerants on Kn supplemented medium could not produce roots 
which were excised at 3-4cm in length and cultured again on rooting 
media. 
Among various auxin supplements, maximum cultures responded 
to IBA with 100% at 2mg/l followed by NAA with 90%) and lAA with 
70%) at same concentration. Maximum number of roots with faster 
growth was obtained on NAA fortified medium with an average of 7 
roots/shoot at 2mg/l and average length of 5.1cm in 2 weeks time 
Table - 56 : D. sissoo Rooting response of microshoots on auxin 
supplemented N^ medium. 
MS + Auxm 
(mg/l) 
MS+roA, 
MS + roA, 
MS + NAA, 
MS + NAA, 
MS + NAA,5 + IBA, 
MS + NAA, + roA,, 
MS + NAA,, 
MS + NAA,-
+ roA, 
1 
^IBA„, 
% response 
30% 
25% 
40% 
35% 
40% 
70% 
60% 
55% 
Average no roots 
+ SD 
1.4 ±0.4899 
1.2 ±0.4 
1.5 ±0.3536 
1.4 ±0.3742 
1.2 ±0.4 
5.5 ± 0.6708 
2.5 ±0.5 
2.4 + 0.4898 
Average root length 
(cni) + SD 
1.1 ±0.3742 
0.8 ±0.245 
1.3 ±0.245 
1.4 ±0.2 
1.3 ±0.4582 
2.3 ± 0.4582 
3.2 ±0.4 
2.15 ±0.2291 
Data : 21 days after mcubation. 
Data : Average of ten replicates. 
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(Fig. 37-B). NAA (lmg/1) was also better and produced average 6.4 
roots per shoot with an average length 4.4cm within two weeks. The 
roots were thin and whitish in colour and less branched (Table-55). 
Thick roots were observed on IB A supplemented media after 4 
days of incubation. A maximum of 5.6 and 5.4 roots per shoot were 
obtained on IBA 2 & lmg/1 respectively. The growth in roots was very 
slow but branching does occur. The maximum average height 3.6cm in 
IBA 2mg/l and 3.3cm in lmg/1 was attained after 13 days of 
incubation. 
Addendum of lAA was least effective to induce rooting in 
microshoots. On MS + lAA (2mg/l) rooting initiated after 10 days of 
incubation and a maximum of 3.2 (average) roots were obtained after 
another 10 days of incubation. The growth in roots was considerably 
slow and in 11 days only 1.82cm (average) length was achieved. 
MS half strength with IBA proved beneficial for root initiation 
in shootlets with a maximum response as compared to other tested 
media. Addition of IBA (2mg/l) induced rooting from cut end of 
the shootlets as well as from upper portion of the stem with an 
average number of 7 roots per shootlet with 4.4cm in length after 
21 days of incubation (Fig. 37-C). The other two concentrations of 
IBA 1 & 0.5mg/l also proved better to the other auxins at the same 
concentration in term of percent response. Growth in root was fast 
on MS + IBA and also average number of root was better (Table-55). 
4.7.5 Dalbergia sissoo 
The shootlets measuring 3cm in length were excised and 
inoculated on rooting media with single auxin treatment of IBA or 
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NAA (at 1 or 2mg/l) exhibited least effect to induce rooting. 
However root primordia were observed from lower portion on NAA 
lmg/1 14 days after incubation and within next two weeks an average 
of 1.5 roots per microshoot was observed with average root length of 
1.3cm. Average root length (1.4cm) was more on NAA (2mg/l) but 
response was only 35% with an average of 1.4 roots per explant and 
slightly faster growth (TabIe-56). 
Combination of two auxins (NAA & IBA) proved advantageous 
with the maximum response of 70% in NAA (lmg/1) + IBA (1.5mg/l) 
fortified medium. Within a week root primordia were observed from 
the margin of the cut end and after 20 days of incubation average 5.5 
roots per shootlet were obtained v/ith an average height of 2.3cm. It 
has been observed that combination of IBA above or below 1.5mg/l 
and of NAA below or above lmg/1 exhibited poor response. But 
growth in roots was faster at NAA (1.5mg/l) + IBA (lmg/1) followed 
by others. After 4 weeks incubation the microplants were ready to be 
transferred to natural conditions after proper acclimatization (Table-56). 
4.7.6 Cannabis sativa 
To induce rooting in microshoots of C. sativa the shoots 
measuring 3cm were excised and planted on rooting media containing 
either IBA or NAA (0.5, 1, 1.5 & 2mg/l). 
IBA (1.5mg/l) proved to be the best medium to induce rooting 
with maximum response (100 percent) and early root initiation just 
after 5 days of plantation. Within two weeks of emergence of root 
primordia an average of 3.4 roots with 3cm in length were obtained 
in each shootlets (Fig. 37-D). At higher concentration (2mg/l) 
Table - 57 C sativa - Rooting response of microshoots on auxin 
supplemented MS medium. 
MS + Auxin 
(mg/l) 
MS + IBA„, 
MS + IBA, 
MS + ISA,, 
MS + BA, 
MS + NAA^, 
MS + NAA, 
MS + NAA,, 
MS + NAA, 
> 
% response 
30% 
50% 
100% 
80% 
35% 
50% 
70% 
70% 
Average no roots 
+ SD 
1 3 ± 0 4 
2 4 ± 0 4898 
3 4 + 0 4899 
32 + 0 4 
1 1 + 0 2 
23 + 0 6 
3 6 ± 0 8 
3 6 ± 0 8 
Average root length 
(cm) + SD 
17 + 0 2449 
2 2 ± 0 2449 
3 ± 0 3261 
3 3 ± 0 1939 
1 1 ± 0 2 
1 7 ± 0 2449 
1 8 ± 0 2449 
2 8 ± 0 2449 
A 
Data 21 days after incubation 
Data Average of ten replicates 
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response decreased to 80 percent with an average of 3.2 roots, per 
shoots but root length slightly increased to 3.3cm in an average. 
Moderate branching in roots also occured. 
On NAA supplemented media number of roots per shoot 
increased but root length decreased considerably. At 1.5 to 2mg/l it 
was observed 70 percent with an average 3.6 roots per shoot with 
average length of 2.8cm & 1.8cm respectively (Fig. 37-E). The 
number of roots & length further decreased as the concentration 
decreased (Table-57). 
4.8 Acclimatization of Microshoots into soil 
The microshoots with atleast 3 roots/shoot and average length 
2.5cm. - 5.5cm were taken out from rooting media. The plantlets were 
gently washed in running tap water to remove the medium. After 
washing, the plants were transplanted on autoclaved garden soil + 
soilrite in 1:1 ratio, kept in small plastic pots. The plants were 
covered with 100ml beaker to maintain 70-80% relative humidity at 
25 + \°C. Watering was done as required. After 3-4 week the plants 
were transferred to green house conditions, whereafter one week the 
covered beeker was replaced with plastic bags (perforated side walls). 
After keeping in green house for two weeks the plants were again 
transplanted to soil + manure and exposed to natural environment. In 
the first week the polybags were removed for 4 hours to exposed 
direct sunlight and in the second week the bags were totally removed. 
4.9 % Acclimatization 
In H. annuus the rooted plants on NAA servived 60% only 
whereas the rooted plants on NAA + IB A or single IB A servived most 
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(80%). Servival difference may be due to thin roots with less 
branching on NAA containing media, while on NAA + IBA or only 
IBA produced thick and moderate branched roots (Fig. 39-A). 
In B. Juncea, the rooted plants on IBA supplemented media 
servived most (70%) because of thick root development. 
In O. sanctum the nature of roots was similar on all the media, 
but number of roots differed. 80% servival was observed in plants 
having 5-10 roots, whereas plants possessing lesser number of roots 
survived less (Fig. 40-A). 
In C. sativa the rooted plants on IBA containing media survived 
80% (Fig. 41-A,B). 
In D. sisso only 30% accUmatization was achieved (Fig. 30-E) while 
in M arvensis a maximum of 90% survival of regenerants was achieved, 
wherein flie most critical factor was prc^ jer watering of plant (Fig. 42-A,B»C). 
t4oaMM>n 
Chapter - 5 
DISCUSSION 
The natural resources of the world are showing rapid depletion. 
Consequently, renewable resources such as economically and 
medicinally important plants have become increasingly relevant to meet 
ever increasing demand, and to maintain the environmental balance. The 
conventional methods of propagation have failed to fulfil the 
requirements of increasing population for food, medicine and timber 
quality and even in vivo clonal propagation of plants is often 
difficult, expensive, time consuming and even unsuccessful. The in 
vitro techniques offer an alternative means of propagation which prove 
their worthiness for micropropagation and conservation of 
economically important plants, assuring the healthy environmental 
quality. 
The prime concern of tissue culture studies is to develop 
reliable protocols that are simple, efficient, reproducible, cost 
effective, adaptable and offer a platform for genetic manipulation 
(Ahuja, 1987). The technique is potentially valuable for 
biosynthesis of secondry metabolites that may eventually provide an 
efficient means of producing commercially important plant products 
(Abou-Mondour et al.. 1994; El-Bahr et al., 1997; Kohda et al., 
1997; Haseeb, 1998 and Veeresham et al., 7998). 
The present investigation was an endeavour to achieve rapid 
callus induction, cytodifferentiation and micropropagation in six 
plant species of economic importance. 
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The results have been discussed in the light of existing 
literature on the subject under the following heads. 
5.1 Callogenesis 
The callus induction is of prime importance in several studies 
to select callus lines for the production of pharmaceutically 
important secondry metabolites (El-Bahr et al., 1997; Datta & 
Srivastava, 1997; Haseeb, 1998 and Veeresham et al. 1998). A wide 
range of auxins and cytokinins could induce callus in each plant 
species and mainly explant dependent, as it was clearly monitered in 
the present study. Callusing behaviour of explants totally depends on 
the combination and concentration of auxins and cytokinins as the 
most acceptable doctrin of Skoog and Miller (1957). Interestingly it 
was observed that in the same plant different explants required 
different hormonal regimes for optimal efficiency for callus induction, 
growth and nature of callus. This differential response of explant 
might be explained on the basis that different explants were at 
different biochemical status at the time of inoculation (Paterson & 
Everett, 1985). ^ 
In the present investigation leaf and shoot tip explants of 
H. annuus and B. juncea were most responsive for callus induction, 
while in others stem segment explant proved to be superior for best 
callus initiation and grov^h. The callusing was initiated mostly from 
cut surface. Similarly, Vijayalalitha (1998) demonstrated that in 
Pogestemon patchouli leaf bite explants were more responsive for 
callus initiation as compared to other explants (Abou-Mandour et 
al., 1994; Mishra, 1996 and Veeresham et al, 1998). Response of 
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shoot apex for better callus initiation in H. annuus and B. juncea is 
in conformity with the previous findings made by several workers 
(Hosoki & Tahara, 1993; Famelaer et al., 1996; Hou et ai. 1997; 
Shahzad & Siddiqui 1997, 2000; Saba, 1998 & Siddiqui et al., 1998) 
who reported that the juvenile tissues are more susceptible to the 
chemical milieu to which they are exposed and obtained fast initiation 
of callus as compared to mature tissue. However, in O. sanctum, D. 
sjsso, M. arvensis and C. sativa nodal segment explants were more 
callogenic, which is inconsonance with the reports in several studies 
that, stem segment is excellent starting material for callus induction 
and subsequent micropropagation (Varghese et al., 1993; Sharma & 
Yelne, 1995; Remashree et al., 1997; Nayak & Sen 1998; Shahzad & 
Siddiqui, 1999a,b and Shahzad et al., 1999a,b). The emphasis on 
explant selection for callogenesis was also advocated by Punia and 
Bohorova (1992) in six wild species of sunflower. 
The callogenesis was greatly dependent upon growth substances, 
which exhibit a diverse response in different explants of the same 
plant. For the initiation of callus, 2,4-D (2mg/l) was most responsive 
in all explants but mostly poor growth was observed, while alongwith 
cytokinins nature of response was changed. Wu and Li (1971) 
suggested that different concentrations of 2,4-D were needed for 
callus induction in different explants of rice, leaf explants of Vigna 
sps. (Umadevi & Bai, 1995), Solarium melongena (Siddiqui et al., 
1998) and from cotyledon of niger (Servesh et al, 1993). The 
effectiveness of 2,4-D was also documented by Hiraoka et al. (1983), 
Mucciarelli et al. (1993) and Xu et al. (1993). 
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Among other single auxin containing media NAA (2mg/l) was 
better for shoot tip explant of B. juncea and nodal segment of O. 
sanctum and showed smooth or friable callus as reported earlier in 
Rauwolfia serpentina (Parveen & Ilahi, 1978). However, NAA 
alongwith BAP was significantly responsive in H. annuus and 
produced compact nodular green calli in leaf and cotyledon 
followed by yellowish compact smooth callus production through 
shoot tip and friable callus through root on 2,4-D + BAP augmented 
medium. Similar effects of 2,4-D + BAP were observed in leaf 
explants of B. juncea and all explants of O. sanctum and stem and 
leaf explants of D. sissoo and C. sativa. The effects of 2,4-D 
alongwith BAP or Kn for the production of compact nodular or 
smooth calli have been reported earlier in several studies (Meijer & 
Broughton, 1981; Narsimhulu & Reddy, 1983; Rastogi & Govil, 1989; 
Vincent et al., 1991; Wickramesinhe & Arteca, 1993; Barna & 
Wakhlu, 1994; Umadevi & Bai, 1995; Kaur et al., 1997 and Shahzad 
et al., 1999). Fast growdng callusing could be initiated in most of the 
explants of H. annuus, B. juncea, O. sanctum, D. sissoo, M. arvensis 
and C. sativa on media containing higher NAA to lower BAP or Kn, 
is in conformity with the results of Garg and Chawla (1992) in the 
cotyledon of V. radiata, Raghuvanshi et al. (1994) in leaf of 
Justicea gendarussa, Sato et al. (1993) in leaves and stem of 
peppermint, while Umadevi and Bai (1995) reported scanty callusing in 
hypocotyle and leaf of Vigna sps. 
In O. sanctum NAA/Kn proved to be the best combination for 
the production of fast growing dark green pigmented nodular calli 
through stem segments and shoot tips, which is inconsonance with the 
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results obtained earlier in Cucuntis melo (Tang et al., 1980) and W. 
somnifera (Babu Raj & Ganasekaran, 1995). However, Singh and 
Kumar (1987) reported similar type of response in B. oleracea on 
lAA + Kn containing medium. Several workers (Sharma and Kothari, 
1993; Abou-Mandour et al., 1994, Shahzad et al., 1996, 1997 and 
Siddiqui et al.. 1998) advocated for IB A as the best callogenic auxin 
for callus initiation as observed in the present study in leaf explant of 
Cannabis sativa. 
Effects of cytokinin singly for callus induction was not 
significant but alongwith auxin callogenic potentials of the explants in 
sunflower improved significantly and the response increased with the 
increase in cytokinin concentration. However, the requirement of the 
type of auxin adjuvent differs in different explants which also 
played a key role in the production of different types of calli, 
whether they are compact or friable, smooth or nodular and creamy to 
yellowish or greenish in colour. Similar trend of callusing was also 
notice in B. juncea and D. sissoo, while in M. arvensis and C. 
sativa addition of higher dose of auxin was required essentially in 
the media containing higher dose of cytokinin for best callus 
induction as reported earlier in Aegle marmelos (Varghese et al., 
1993) and Pogestemon patchouli (Vijayalalitha, 1998). However, in O. 
sanctum addition of glutamic acid (50mg/l) to the medium containing 
higher cytokinin to low auxin ratio was significantly better for the fast 
growing callus production. In this plant type of cytokinin was 
responsible for the type of callus production. But in the medium 
containing Ads or Ads + auxin early induction of callus and fastest 
growth was achieved. 
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In the present investigation mostly higher dose of BAP 
alongwith NAA was significant in most of the explants of different 
plants and remarkably better results were obtained (D. sissoo, 
O. sanctum and H. annuus) as compared to higher auxin to lower 
cytokinin containing media. Yeoman and Macleod (1977) classified the 
tissues on the basis of their requirement of a particular type of 
hormone or hormones for the production of callus, those which 
required only an auxin or related growth regulators, those which 
required only cytokinin, those which required both an auxin and 
cytokinin and lastly those tissues which required media containing 
complex natural extracts. Most of the tissues are of first category, 
which require only an auxin for dedifferentiation (Evans et al., 1981) 
\^^ile, few are cytokinin dependent (Greco et ai, 1984; Kathal et ah, 
1992 and Remashree et al., 1997), but for the production of better 
callusing mostly required both auxin and cytokinin (Skoog & Millar, 
1957; Meijer, 1982; Rey et al, 1985; Borgatti et a/., 1987 Titow, 
1988; Angeloni et al, 1992; Li et al, 1992; Hossain et al 1993, 
Servesh et al, 1993; Rajasubramanium & Pardha Sardhi, 1994; 
Srivastava et al, 1995; Rajan et al, 1997; Saba, 1998; Shahzad «& 
Siddiqui, 1998; Siddiqui et al, 1998; Giuseppe & Ranalli, 1999; 
Shahzad & Siddiqui, 2000; Shahzad et al, 1999, 2000a,b and Siddiqui 
et al, 1999). In this regard all the plants investigated in present 
study come under the third type preferably for best callogenesis. 
Kathal et al (1992) reported that supplement of single BAP 
(l^m) to the MS medium produced compact green callus through 
shoot tip in Cucumis melo. Similarly in the present investigation BAP 
(2mg/l) containing medium was better in leaf and shoot tip of H. 
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annuus, stem segment of B. juncea, leaf of O. sanctum and C. 
sativa. Kn (2.5mg/l) + lAA (lmg/1) was better for compact callus 
production through petiole in Pelargonium graveolens (Rajan et ai, 
1997). The combination of Kn + lAA also exhibited similar response 
in sunflower tissues except in root explant which produced yellowish 
granular callus on Kn (2mg/l) + lAA (lmg/1). However, other plants 
showed poor callusing on this combination. The variable response of 
cytokinin in enfluence of type of auxin for better callus induction in Beeta 
vulgaris was advocated by Giuseppe & Ranalli (1999). 
Since the role of polyamines in growth and differentiation is 
gaining recognition (Rajan et ai, 1997), glutamic acid was tried in 
present studies. The effects of Gla (50mg/l) was most remarkable in,^^ 
O. sanctum and D. sissoo when added in the medium containing BAP 
+ NAA. Similar results were reported in M pterigosperma (Mohan et 
ai, 1995) and in M. pterigosperma and Butea monosperma (Haseeb, 
1998). 
5.2 Callus Growth 
The calli obtained from leaf culture of Helianthus annuus, 
Brassica juncea, Ocimum sanctum and Dalbergia sissoo were used to 
study callus growth in response to different auxins and cytokinins in 
terms of fresh and dry matter weight. It has been observed that 
different plant species exhibit different responses to culture media 
fortified with different regimes of growth regulators, revealing some 
interesting results. On MS + lAA (0.05mg/l) or BAP (0.05mg/l) (used 
as control), callus growth was very slow and constant or exhibited 
slight variations. 
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In HeUanthus annuus the best callus growth in terms of fresh 
weight and relative growth rate (RGR) was recorded on NAA (5mg/ 
1) + Kn (0.05mg/l), whereas for dry matter weight IBA, (mg/1) + 
Kn (0.05mg/l) was the best medium, followed by lAA (5mg/l) + 
Kn (0.05mg/l). However, in Brassica juncea IBA (3mg/l) + Kn 
(0.05mg/l) proved to be optimal for callus growth interms of both 
fresh and dry weight followed by NAA (3 & 5mg/l) + Kn 
(0.05mg/l), but maximum relative growth rate was recorded on NAA 
(5mg/l) + Kn (0.05mg/l). Similarly higher concentration of NAA 
(5>3mg/l) + Kn (0.05mg/l) was best in Dalbergia sissoo for callus 
growth in terms of fresh and dry weight and RGR. 2,4-D 
containing media also exhibited remarkable response of callus 
growth in D. sissoo and 2mg/l concentration was found to be critical, 
while in Helianthus annuus fresh matter weight was more at lower 
concentration of 2,4-D (lmg/1), but dry matter weight with respect 
to fresh weight was higher on higher concentration. In general, 
effect of 2,4-D was inhibitory in other plants as compared to other 
auxins and showed toxic effect at higher concentration. 
It has been clearly revealed that different auxins at various 
concentrations exhibited variable response for callus growth in ^^' 
different plants. Fisher and Tsai (1978) reported that lAA, IBA and 
NAA supported callus growth variously in coconut. Sadhu (1974) 
documented faster growth in sunflower on lAA, as it was observed 
in B. juncea at higher concentration, while in other plants the effect 
was poor as observed by Kavita (1995) in Luffa cyUndrica. 
Kumar (1974) and Bajaj et al (1981a) demonstrated that NAA 
supplement enhanced the callus growth in Arachis hypogaea, which is 
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found to be similar as observed in H. annuus, D. sissoo and 
O. sanctum. Rani and Bhojwani (1976), Katterman et al. (1977) and 
Price et al. (1977) in G. hirsutum concluded similar results and 
advocated essentiality of NAA for callus growth, which was later 
confirmed by Barna and Wakhlu (1994) in Cicer arietinum; Rath 
(1998) in Pterocarpus marsupiiim, Settu and Ranjitha (1998) in 
G. max, Raghuvanshi et al. (1994) in Justicea gendarussa and Titou 
(1988) in H. annuus. 
Inhibitory effects of 2,4-D for callus growth was reported by 
Titou (1988) in H. annuus, A. hypogea and G. hirsutum as 
observed in present investigation in H. annuus, B. juncea and 
O. sanctum, while several workers demonstrated its promotive effects 
on callus growth (Kaur, 1997; Rao et al, 1973; Poirer-Hamon et al, 
1974; Amitha & Reddy, 1996; El-Bahr et al, 1997 & Shahzad et al, 
1999) as observed in the present study in D. sissoo. Gupta (1980) in 
Nicotiana rustica and N. plumbaginifolia and Singh et al (1985) in 
Brassica campestris reported that although explant could produce 
callus on simple MS medium but exogenous application of auxin 
enhanced callus growth many folds. In present study also similar 
effects of auxins have been observed. 
Among cytokinin plus auxin supplemented media callus growth 
in terms of fresh and dry weight and RGR was best studied in H. 
annuus on BAP (3mg/l) + lAA (0.05mg/l), while other media 
showed poor response. In B. juncea, Kn (3>5mg/l) + lAA (0.05mg/ 
1) was the best for highest callus growth followed by BAP and Ads 
containing media respectively. However, in D. sissoo higher 
concentration of both BAP and Kn alongwith lAA (0.05mg/l) were 
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the best, while in O. sanctum Ads (lOmg/1) + lAA (0.05mg/l) proved 
to be the best medium followed by higher BAP or Kn plus lAA. 
Similarly best callus growth in terms of fresh and dry weight was 
reported by Remashree et ah (1994) in Aristolochia bracteolata on 
MS medium containing higher cytokinins and low auxin ratio. Higher 
cytokinin plus low auxin treatment for better callus growth was also 
demonstrated by several studies as in wild and cultivated sps of 
Helianthus (Bohorova et ah, 1986), H. anniius (Lupi et al., 1987 & 
Espinasse et al., 1988), Helianthus spp. (wild) (Punia & Bohorova, 
1992), Cicer arietinum (Barna & Wakhlu, 1994), Illicium verum 
(Kohda et al., 1997) on 1/2 WP medium and in Cumin cyminum 
(Hussein & Batra, 1998). 
Relatively lower callus growth rate was achieved in higher 
cytokinin to lower auxin ratio except H. annuus and O. sanctum as 
compared to higher auxin to lower cytokinin ratio. The varied 
response of cytokinins and auxins for the callus growth may be 
due to endogenous-cytokinin or auxin level in the cultured calli 
(Short & Torrey, 1972; Muira & Miller, 1969; Einset & Skoog, 1973). 
Singh et al. (1985) reported that addition of cytokinins rather 
inhibited callus grov r^th in B. campestris as it was observed in the 
present investigation in H. annuus, B. juncea and D. sissoo on Ads 
containing media. 
5.3 Xylogenesis 
Single auxin treatment proved effective for xylogenesis but 
comparatively better response was noticed in H. annuus on NAA or 
lAA containing media. In M. arvensis higher concentration of IBA & 
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lAA was effective, whereas in Cannabis sativa higher concentration of 
NAA was better. 2,4-D containing media played inhibitory effect 
except in C. sativa. Gupta et aJ. (1990) in Capsicum annuum 
demonstrated that single auxin (2,4-D, lAA and IB A 2mg/l each) 
showed better response than lower or higher concentration. While NAA 
responded better at higher concentration. However, Fadia & Mehta 
(1973) reported auxin free medium most suitable for tracheary cell 
differentiation in Cucumis. 
Addition of Kn (0.5mg/l) to the auxin containing medium 
significantly improved the response. In H. annuus the best response 
with early xylogenesis was achieved on higher concentrations of 
IB A and lAA alongwith Kn followed by lower concentrations of 
2,4-D (lmg/1) and NAA (2mg/l). Whereas in Brassica juncea lAA 
or 2,4-D was least effective, but NAA (2mg/l) proved to be the 
better concentration for early xylogenesis as observed in H. annuus 
on lAA or IBA containing medium. However, in O. sanctum similar 
response was studied on higher concentration of NAA followed by 
lAA (2mg/l) while 2,4-D was least effective supplement. In Mentha & 
Dalbergia the addition of 2,4-D exhibited inhibitory effect for xylem 
cell differentiation but IBA & lAA showed satisfactory response at 
higher concentrations. However, NAA (5mg/l) also exhibited better 
response in D. sissoo. Among all the plants tested the callus of C. 
sativa was best to exhibit xylogenesis in all the auxins and cytokinin 
media. 2mg/l concentration of IBA or NAA was the best supplement 
for early xylogenesis in C. sativa than other plants investigated in this 
respect in the present study. 
Two auxins in combination with Kn could not show significant 
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effect in the present investigation, but 2,4-D + NAA + Kn was better 
in H. annuus and satisfactory in B. juncea and D. sissoo, whereas 
2,4-D + IBA + Kn was best in C. sativa. In O. sanctum and 
M. arvensis also, effects of 2,4-D improved much in combination 
with lAA + Kn. 
Reports from earlier studies on the exact role of individual 
growth substances, whether they act alone or in synergistic ' 
combinations in vascular differentiation are conflicting and even 
contradictory (Fosket & Torrey, 1969; Ellis & Bornman, 1971 and 
Phillips & Torrey, 1973), as also observed in present study. The 
studies by Siebers (1971) however indicated that lAA may be 
specifically involved in the tracheid differentiation, which is 
incomformity with our results in most of the plants except B. juncea. 
Khan (1996) also studied the effect of two hormones in C. limon and 
reported strong interaction on cell division, tracheary element 
formation and also increased diversity in trachied and sclereids. 
Treatment of three growth hormones (lAA + Kn + GA) incombination 
produced a strong synergism (Khan, 1996) has also been noticed 
significantly in H. annuus and C. sativa. Auxin requirement for 
differentiation in cultured parenchyma tissue as observed here has 
been documented by several workers (Jacobs 1952, 1954; Wetmore & 
Rier, 1963; Roberts & Baba, 1968; Wilson et ai, 1982; Gupta et ah. 
1990; Wilson & Wilson, 1991). The presence of cytokinin together 
with auxin is normally essential for tracheary element differentiation 
in various systems (Fosket & Torrey, 1969 and Phillips & Torrey, 
1973). Although in some experimental systems, cell divisions and 
differentiation occur with auxin alone, the addition of cytokinin is 
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differentiation occur with auxin alone, the addition of cytokinin is 
stimulatory (Dalessandro, 1973; Minocha & Halperin, 1974). Comer 
(1978) emphasised that auxin is a limiting factor for xylogenesis in 
Coleus. 
Single cytokinin was ineffective in O. sanctum, least effective 
in D. sissoo and at higher concentration (5mg/l) of BAP a few 
xylem cell differentiation was noticed in C. sativa, M. arvemis 
and H. anmiiis, whereas in B. juncea all the cytokinins at each 
concentration respond. However, best response was observed at higher 
BAP concentration in B. juncea. 
Addition of lAA (0.5mg/l) remarkably enhanced the xylem cell 
differentiation. BAP in combination with lAA (0.5mg/l) was the best 
as compared to other cytokinin containing media. Significantly better 
and early xylogenic response was noticed on higher Kn or BAP 
concentration in H. anmius, whereas in B. juncea BAP (2 & 5mg/l) was 
much better than Kn containing media and BAP (2mg/l) was better in 
O. sanctum. In Mentha satisfactory result was obtained on both Kn 
and BAP (2 or 5mg/l) augmented media. However, the xylogenic 
response was poor in D. sissoo and C. sativa. Supplement of adenin 
sulphate was least effective in D. sissoo, C. sativa and M. arvensis. 
However, in O. sanctum Adenin sulphate (lOmg/1) + lAA (0.5mg/l) 
was significantly better than in B. juncea and H. annuus. 
Supplement of two cytokinins in combination proved to be most 
significant for xylogenesis in H. annuus, B. juncea, O. sanctum and 
M. arvensis. The xylogenic effect of two cytokinins alongwith lAA 
(0.5mg/l) was improved remarkably in D. sissoo and C. sativa also. 
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and xylen differentiation in H. annuus, which is in conformity with 
our results in H. annuus and also in B. juncea, O. sanctum and 
M. arvensis, but in D. sissoo and C. saliva inhibitory effect of Kn 
was observed which is in conformity with the results obtained in 
Cucumis melo (Fadia & Mehta, 1973). Gupta et al. (1990) reported 
that in Capsicum annuum higher concentration of BAP was 
advantageous over Kn for xylogenesis as it was observed in the 
present investigation in H. annuus, B. juncea and O. sanctum. 
However, several investigators have suggested that Kn plays 
dominant role in cytodifferentiation (Fosket & Torrey, 1969; Minocha 
& Halperin, 1974) and addition of lAA further improved the response 
as in C. limon (Khan, 1996). The exogenous cytokinin in combination 
with auxin markedly increase the quantity of tracheid (Bergmann, 
1964) which was later confirmed by Torrey (1968) and Fosket and 
Torrey (1969). 
5.4 Rhizogenesis 
The rhizogenic effects of growth hormones exhibited vast range 
of variations depending upon plant and explant types. The leaf explant 
showed more rhizogenic potentials in Helianthus annuus, Brassica 
juncea, and Mentha arvensis, than stem explant in Ocimum sanctum 
and calli in Cannabis sativa and Dalbergia sissoo. According to Vasil 
and Vasil (1972) organised development occurs as a result of 
qualitative interaction between growth regulators and other factors. 
Among single auxin treatment IB A was proved to be better for 
rhizogenesis through leaf culture in H. annuus and M. arvensis at 
lower concentration (2mg/l), while in B. juncea and D. sissoo higher 
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qualitative interaction between growth regulators and other factors 
Among single auxin treatment IB A was proved to be better for 
rhizogenesis through leaf culture in H. anmius and M. arvemis at 
lower concentration (2mg/l), while in B. jxmcea and D. sissoo higher 
concentration (4mg/l) was better, followed by NAA. Similar effects of 
NAA or IBA as described here have been reported earlier in Seshama 
aculeata leaf culture (Bansal & Pandey, 1993) and Momordica 
charantia (Siddiqui et al., 1997). However, C. sativa leaf exhibited 
direct rhizogenesis on medium containing 2,4-D (2mg/l) as reported in 
Rauwolfia serpentina and Atropa accuminata (Akram et al., 1994a,b) 
Vigna radiata (Umadevi & Bai, 1995) and Cannabis sativa (Shahzad 
et al, 1997, 2000c). 
Rhizogenesis through stem and shoot tip explants on single 
auxin was also better on IBA or NAA con ta in ing media with 
the highest f requency in H. annuus followed by M. arvensis, 
O. sanctum and D. sissoo. Similarly Rosati et al. (1980), Cossio 
(1981) and Rajeevan and Pandey (1986) reported that IBA proved to 
be best for rhizogenesis in shoot tip culture . 
For indirect r h i z o g e n e s i s NAA was bes t in H. annuus 
followed by B. juncea and C. sativa, whi le through calli in 
M. arvensis, O. sanctum and D. sissoo, single auxin could not induce 
rhizogenesis. Similar effects of NAA for indirect rhizogenesis was 
reported earlier in Capsicum annuum (Gupta et al., 1990), Sesbama 
aculeata (Bansal & Pandey, 1993) and Solanum melongena (Siddiqui 
et al., 1998). IBA (lmg/1) was also better in Sesbania aculeata 
(Bansal & Pandey, 1993) as it was observed in the cotyledon culture 
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(1974), Kulkarni et al (1992), Bansal and Pandey (1993), Siddiqui et 
al. (1997, 1998), Shahzad et al. (1999 a,b,c,d,e, 2000a,b) and Afroz et 
a]., 7999). The best response for profuse rhizogenesis was noticed in 
leaf explant of H. annmis on NAA (2mg/l) + Kn (0.5mg/l) followed 
by stem explant of Ocimum sanctum on MS + NAA (4mg/l) + Kn 
(0.5mg/l), whereas in C. sativa and O. sanctum calli exhibited 
rhizogenesis on MS + 2,4-D (lmg/1) + Kn (0.5mg/l) and H. annuus, 
O. sanctum on MS + NAA > IB A + Kn (0.5mg/l). 
The potentiality of NAA alongwith BAP or Kn for rhizogenesis 
has also been demonstrated either directly or indirectly in V. radiata 
(Srinath Rao et al, 1992 and Umadevi & Bai, 1995), Withania 
sonifera (BaburajiGunasekaran, 1995), Vigna anguiculata (Sounder Raj 
et al., 1992), Solanum melongena (Siddiqui et al., 1998), whereas 
through calli it was documented in Capsicum annuum (Gupta et al., 
1990), Guizotia abyssinica (Sarvesh et al., 1993), H. annuus 
(Shahzad & Siddiqui, 1999) and Solanum triquetrum (Shahzad et al, 
1999). However, Bansal and Pandey (1993) reported similar rhizogenic 
response in Sesbania aculeata by using IBA (5mg/l) + BAP (0.5mg/l). 
Rhizogenic response through subcultured calli of C. sativa and 
O. sanctum as observed on 2,4-D + Kn revealing similarity with 
the results obtained in Cephalotaxus harringtonia (Wickremesinhe & 
Arteca, 1993) on 2,4-D (4.5jim) + Kn (0.05 ^m). Cannabis sativa on 
2,4-D + BAP (Shahzad et al, 1997, 2000b), while in Nerium 
oleander similar finding was supported by using B5 medium containing 
2,4-D (9.05 urn) + BAP (4.4 ^m) (Santos et al, 1994). 
Chinchanikar et al. (1997) demonstrated direct rooting through 
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leaf explant in SoJanum khasianum on lAA + Kn supplemented 
medium, likewise in the present investigation similar response was 
observed in cotyledonary leaf explant of B. juncea whereas, Servesh 
et al. (1993) reported NAA + Kn as the best combination for best 
rhizogenesis in niger cotyledon. 
Synergistic effects of two auxins in combination for 
rhizogenesis could not be observed satisfactorily through explants as 
compared to single auxin + cytokinin treatment. The two auxin 
treatment completely inhibits the rhizogenic potential of subcultured 
calli. This effect may be due to endogenous level of auxin in 
explant, which counteracts the exogenous application of auxins for 
rhizogenesis. 
The present investigation" clearly reveales that by altering the 
inorganic constituents the hormonal response was altered. In MS 1/2 
medium higher concentration of NAA (4mg/l) was needed alongwith 
Kn (0.5mg/l) to induce profuse rhizogenesis through stem and calli 
of M. arvensis while higher IBA (4mg/l) alongwith Kn (0.5mg/l) 
was effective in H. annuus, B. juncea and M. arvensis leaf 
explant, and in O. sanctum stem explant was more responsive. On half 
strength MS media growth in root was very fast but the roots were 
thin and less branched. The effects of inorganic nutrients was also 
studied by several workers and showed variable response of hormonal 
supplements (Barlass & Skene, 1980; Takayama & Misawa, 1979 and 
Rajeevan & Pandey, 1986). 
Skoog (1944), Skoog and Tosui (1948) and Skoog and Miller 
(1957) interestingly demonstrated that differentiation of organs could 
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be regulated by regulating the concentration of auxin or cytokinin. 
Direct or indirect rhizogenesis in cucurbits was documented by 
Skoog & Miller (1957) on single cytokinin (Kn) supplemented 
medium and also showed that BAP was ineffective for rhizogenesis. 
Similarly Kn (Img/l) induced rooting in H. annuus explants 
followed by B. juncea and O. sanctum. The explants and calli of 
M. arvensis, C. sativa and D. sissoo could not respond to single 
cytokinin treatment. However, Greeshoff (1976) advocated for use of 
BAP and Zeatin for rhizogenesis after shoot bud induction, 
indicating that exogenous hormonal supplement altered the 
endogenous hormonal level. In the present investigation also the 
stem segment of M. arvensis induced frequent rhizogenesis after 
shoot bud formation (Shahzad et al., 1999). 
Addition of auxin (0.5 - lmg/1) in cytokinin containing media 
stimulated the rhizogenic potential of explant as it was observed in 
C. sativa through leaf culture on BAP (lmg/1) + NAA (Img/l). 
Similarly, B. juncea cotyledons exhibited rhizogenesis on Kn + lAA 
(lmg/1 each) which is contradictory to the earlier reports in B. napus 
(Moloney et ah, 1989 and Ono et al. 1994), B. juncea (Sharma et 
al., 1991b) as they emphasized more on BA + NAA combination for 
better rhizogenesis. However, rhizogenesis through leaf explant was 
reported on higher BAP to low NAA ratio in Passiflora edulis 
(Kanthraja & Dodds, 1990) as observed in the present investigation in 
O. sanctum and C. sativa, while Saba (1998) reported Zt/NAA as 
more responsive than other cytol^nin to NAA in S. marianum. 
Saba (1998) also reported that shoot tip or nodal explant was 
more effective for rhizogenesis on Zt/NAA or BA/NAA medium, 
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which holds good in the present study in C. satixa and M. arvensis 
while in H. annum Kn/IAA and in O. sanctum Kn/NAA proved better. 
Varied response of hormonal supplement for organogenesis in different 
plant and explant was also reported by several workers (Chlyah & 
Tran-Thanh Van, 1975; Cassells et al., 1982 and Villobos et al. 1984). 
5.5 Caulogenesis 
The caulogenesis through different explants in the present 
investigation exhibited a wide range of hormonal requirement and 
explant type. Clonal multiplication through various explants is 
advantageous over conventional propagation method, because a large 
number of plants can be produced within a short duration 
(Raghunath & Bajaj, 1992 and Anju et al., 1996). Huang and 
Murashige (1976) reported that striking effects on differentiation of 
excised tissue in vitro depend on the composition of the media and 
a balance between exogenous and endogenous growth regulators, 
which holds good in the present investigation. Morphogenetic 
responses exhibited in the form of shoot and/or root are therefore 
corelative to a specific auxin/cytokinin ratio and other adjuvents. 
A successful protocol for direct and indirect regeneration in 
Helianthus annuus, Brassica juncea, Ocimum sanctum, Mentha 
arvensis, Dalbergia sissoo and Cannabis sativa through various 
explants and subcultured calli was formulated and a rapid 
multiplication was achieved. 
In Helianthus annuus and Brassica juncea the leaf explant was 
more responsive for higher frequency of shoot regeneration directly as 
well as indirectly. Punia and Bohorova (1992) also reported similar 
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response of explant in six wild species of H. annuus. Potentiality of 
leaf explant for clonal multiplication was also strongly advocated by 
several workers (Greco et al., 1984; Cambecedes et ah, 1991; 
Kulkami et ai. 1992, 1996; Van Altvorst et al.. 1992; Laine & David 
1994; Bhat et al, 1995; Economou & Maloupa, 1995 and Lin et al, 
1997). 
In Mentha arvensis. Cannabis sativa and Dalbergia sissoo the 
nodal segment was better for large number of shoot regeneration as 
reported earlier in Dioscoria floribunda (Chaturvedi, 1975; Forsyth & 
Van Staden, 1982 and Chaturvedi et al, 1984); Tinospora cordifolia 
(Kathiravan et al, 1998); Dianthus caryophyJlus (Van Altvorst et al, 
1992), Thymus piperata (Saez et al, 1994), Caryopsis lanceolata 
(Lee et al., 1994), Vitex negundo (Ramesh & Jasrai, 1998), 
Clerodendrum colebrookianun (Mao et al, 1995), Melia azedarach 
(Siddiqui & Shahzad 1999), Ocimum sanctum (Shahzad & Siddiqui 
1999) and Mentha arvensis (Shahzad et al, 1999). Nodal buds have 
been found most suitable in many tree species (Yadav et al, 1990a,b; 
Durga & Mehta, 1993; Berger and Schaffner, 1995 and Pattnaik et 
al, 1996) as observed in present investigation in D. sissoo. While in 
O. sanctum and M. arvensis caulogenesis was best in sub cultured 
calli which was in consonance with the result obtained in many 
medicinal plants viz. Lepidium sativum, Slybum marianum (Saba, 
1998), Solanum nigrum (Shahzad et al. 1999), Ocimum sanctum 
(Shahzad & Siddiqui, 1999), M. arvensis (Shahzad et al, 1999) and 
Solanum triquetrum (Shahzad et al, 1999). 
5.5.1 Direct shoot regeneration 
Direct shoot regeneration through leaf explant of H. annuus was 
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best on Kn + lAA followed by BAP + NAA combination. The optimal 
concentration of Kn and lAA was 2mg/l and lmg/1 respectively, 
whereas still low concentration of lAA (0.2mg/l) was ineffective. 
Similarly combination of higher concentration of cytokinin and lower 
concentration of auxin proved to be best for direct shoot regeneration 
as reported earlier by Punia and Bohorova (1992) in six wild species 
of HelianthMS but the number of regenerant was lesser (4-9) as 
compared to present investigation (10-12 shoots/explant) with normal 
morphology and development. In B. juncea BAP (2mg/l) + Kn (2mg/l) 
+ NAA (0.5mg/l) and single Kn (2 & 4mg/l) proved to be better for 
caulogenesis, while in Mentha arvensis both BAP and Kn singly 
induced caulogenesis (Young and Chang, 1979). In M. piperata, MS 1/ 
2 was best alongwith BA for multiple shoot regeneration through 
young leaf obtained from in vitro seedlings (Medou et al., 1997). 
Number of shoot regenerants was more on BAP as compared to Kn. 
Superiority of BAP over Kn was also demonstrated by several workers 
(Rech & Pires, 1986; Kukreja et al.. 1990; Sem & Sharma, 1991; 
Mao et al, 1995; Mishra & Bhatnagar, 1995 and Suddherson, 1998) 
whereas, Kathal et al. (1988) reported that the combination of two 
cytokinin was more effective for shoot regeneration in Cucumis melo, 
which is in consonance with our results in B. juncea. Similarly, 
Brown & Tharp (1986) showed that BAP and Kn singly or in 
combination has a stronger effect on direct shoot regeneration than 
other cytokinins. However, Dunwell (1981) demonstrated that each 
species of Brassica required different concentration of BAP + NAA 
for multiple shoot regeneration through leaf explant. Very poor 
response of caulogenesis was observed in O. sanctum leaf culture 
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irrespective of the hormonal supplement, but few shoot buds were 
observed when 50mg/l of glutamic acid was added to NAA (lmg/1) + 
BAP (0.5mg/l). Similar response of glutamic acid alongwith hormones 
was demonstrated earlier by Ali et al. (1997) in Bacopa moniera. 
In Mentha arvensis the effect of BAP or Ads improved 
considerably with the addition of lAA (0.5mg/l) as compared to 
NAA and it was observed that with the increase in the 
concentration of Ads the number of shoot regenerant also increased. 
The essentiality of lAA alongwith cytokinin for multiple shoot 
regeneration was also documented by Kumar and Bhavanandan 
(1989), Radice (1992) and Arrillaga and Merkle (1993) and 
Kulkarni et al. (1996). 
In H. annuus Kn (2mg/l) + lAA (lmg/1) containing medium 
was beneficial for multiple shoot regeneration directly from nodal 
segment as compared to BAP + NAA. Whereas, BAP + NAA 
containing medium was effective for shoot bud formation only. 
However, Arockiasamy and Ignacimuthu (1998) documented that BAP 
lmg/1) + lAA (0.lmg/1) was the best combination for multiple shoot 
regeneration through leaf culture of Eryngium foetidum. Lee et al. 
(1994) advocated that BAP + NAA combination was better for 
regeneration through leaf explant in Caryopsis lanceolata, while 
similar combination was best in Gymnema sylvestris nodal segment 
culture (Sairam Reddy et al., 1998). On single or higher auxin to 
cytokinin containing medium no response was noticed for direct shoot 
regeneration through nodal region but with the addition of GA^ 
(0.5mg/l) to the medium direct shoots were produced (2-3 shoots/ 
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explant). Similar stimulative effect of GA, (at lower concentration) 
was also reported by Paterson (1984) and Lupi et al. (1987) in 
sunflower while Chaturvedi and Jain (1994) reported similar effects in 
Digitalis purpurea and Sardhana et al. (1998) in Jatropha curcas. In 
present investigation Kn (lmg/1) + lAA (lmg/1) was optimum for 
direct and phenotypically normal shoot regeneration, while Witrzen 
et al. (1988) showed 3mg/l of BAP as optimal concentration for 
inducing multiple shoot regeneration but largely depends on genotype, 
which was later supported by Pellissier et al. (1990) in H. annuus 
and Mao et al. (1995) in Clerodendrum colebrookianum. 
In Mentha arvensis, Brassica juncea and Cannabis sativa BAP 
+ NAA combination proved superior for multiple shoot formation 
through nodal segment while in Ocimum sanctum addition of GA3 was 
needed. Effectiveness of GA, in nodal segments was also reported by 
Pattnaik and Chand (1996) in Ocimum sanctum, Arora & Bhojwani 
(1989) in Saussurea lappa, Pattnaik et al., (1996) in Morus, 
however, in several studies it was proved that GA^ played inhibitory 
effects for shoot bud development as in Begonia (Heide, 1969), 
Plumbago indica (Nitsch & Nitsch, 1967), Nicotiana (Tharp & 
Murashige, 1970), Duboisia nepporoide (Kukreja & Mathur, 1985). 
Whereas, in M. arvensis and B. juncea BAP (5mg/l) + NAA (0.5mg/l) 
proved to be optimal for maximum shoot regeneration as reported by 
several workers in different plant species (Grinblat, 1972; Chaturvedi 
& Mitra, 1974; George et al, 1987; Mathew & Hariharan, 1990; 
Sharma et al. 1993; Bhaskar & Subash, 1996; Goerge & Ravishankar, 
1997 and Sairam Reddy et al, 1998). Vincent et al (1991) in K. 
galanga, Ramesh and Jasrai (1998) in Vitex negundo reported Aat NAA 
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(lmg/1) was most effective alongwith higher BAP (l-5mg/l) ) which is 
in consonance with our results obtained in C. sativa stem segment 
culture. 
Sharma et ai, (1981) reported that in BongainviUea glabra 
maximum shoot regeneration was obtained through shoot tip culture 
on BAP (0.5mg/l) + IBA (1.5mg/l), while in Duboisia myoporoids 
(Kukreja & Mathur, 1985), Maytenus equifolium (Pereira et al., 
1994), Thymus piperata (Saez et ah, 1994), Adhatoda beddomei 
(Sudh & Seeni, 1994), K. rotunda (Anand et al., 1997), 
Catharanthus roseus (Mitra et al., 1998) higher BAP to lower lAA 
(0.1-0.5) ratio was more effective for large number of direct shoot 
regeneration as observed in present investigation in Mentha arvensis 
on Ads (15mg/l) + lAA (0.5mg/l) followed by MS 1/2 + BAP + lAA. 
Effects of Ads were also demonstrated by Varisaimohamed et aJ. 
(1998) in Kiacrotyloma uniflorum shoot tip culture. 
The superior effects of BAP for shoot bud induction or clonal 
propagation had been reported in Curcuma (Balachandran et al. 1990), 
Anogeissus (Kaur et al., 1992), Sesbania aculeata (Bansal and 
Pandey, 1993), niger (Nikam & Shitole, 1993), Thevetia (Kumar & 
Kumar, 1995), Ocimum sanctum and Ocimum americanum (Pattnaik & 
Chand, 1996). 
5.5.2 Indirect shoot regeneration 
In vitro organogenesis depends to a great extent on the choice 
of explant, composition of the medium and control of the physical 
environment (Thorpe & Patel, 1984). In the present investigation it 
has been observed that indirect organogenesis largely depends on the 
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explant type. In H. annuus indirect regeneration of multiple shoot was 
obtained through green nodular calli from leaf explant on MS + BAP 
(5mg/l) +NAA (lmg/1) while through stem segment indirect shoot 
regeneration could not be obtained. However, induction of shoot 
regeneration from subcultured calli requires lower concentration of 
BAP (0.5mg/l) with NAA (lmg/1). This difference of morphogenic 
potential clearly indicates that the subcultured calli may start self 
synthesis of cytokinin, altering the endogenous level and as a result 
exogenous application of cytokinin required was less for 
morphogenesis as compared to leaf callus in the same culture. Sharma 
et al. (1997) has also reported that indirect shoot regeneration 
through leaf culture of H. muticus required higher concentration of 
BAP alongwith NAA. Similar combination was advantageous for indirect 
shoot regeneration through leaf culture in Dianthus caryophyllus 
(Van Altvorst et al, 1992), Glycine weightii (Pande et al., 1992) and 
Petrocarpus marsupium (Rath, 1998). 
Indirect shoot regeneration through leaf explant of B. jiincea 
was successfully obtained on BAP (lmg/1) containing medium, while 
Sudherson (1998) reported that BAP alone is much effective for direct 
shoot regeneration in Enicostemma axilJare. In B. juncea nodal 
segment exhibited significantly better response than leaf explant, when 
two cytokinins were used in combination with smaller concentration of 
auxin. It was also noticed that BAP in lower concentration was better 
than Kn. Similar effect of two cytokinins was also reported earlier in 
K. galanga (Vincent et al., 1992), Feronia limonia (Hossain et al., 
1994); Pisonia alba (Jagadishchandra et al., 1999) and Canavalis 
virosa (Kathiravan & Ignicimuthu, 1999). However, effect of BAP 
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(4mg/l) alone in B. juncea is inconformity with the results obtained 
in B. campestris on BAP (Smg/l) containing medium (Singh et al, 
1985). 
The response of calli for multiple shoot regeneration was 
further enhanced when subculturing was p rac t i ced on higher 
cytokinin to lower auxin ratio. It was also observed that the 
number of regenerant increased with the inc rease in BAP 
concentration by keeping NAA concentration constant (0.5mg/l). 
Similar effect of higher concentration of BAP was also reported 
earlier in Coleus parviflorus (Bejoy et al., 1990) and Echinochloa 
colona (Das et al., 1996). However in Mentha arvensis indirect 
shoot regeneration both through leaf and stem after slight callusing 
was better on Ads augmented media alongwith lAA (0.5mg/l), which 
is in consonance with earlier studies in Microtyloma uniflorum 
(Varisaimohamed et al., 1998), Vigna radiata (Gulati & Jaiwal, 1992, 
1994). While, BAP (2-5mg/l) in combination with NAA (lmg/1) 
proved to be better for organogenesis in subcultured calli. The effects 
of BAP and NAA in higher dose was also documented by several 
workers (Mathur et al., 1987; Kewabe et al, 1998; Mercier et al, 
1992; Sharma et al, 1993; Nin et al, 1996; Sharma et al, 1997; 
Shahzad et al, 1999 and Shahzad et al, 2000). The other significantly 
better combinations for organogenesis through calli in M. arvensis 
were. Ads (15mg/l) + lAA (0.5mg/l), Kn (2mg/l) + lAA (0.5mg/l) and 
IB A (lmg/1) + BAP (0.5mg/l). The regenerative potential of IBA in 
higher concentration alongwith BAP was also reported earlier in 
Sesbania aculeata (Bansal & Pandey, 1993) and Solanum triqiietrum 
Shahzad et al, 1999). 
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In O. sanctum supplement of glutamic acid (50mg/l) alongwith 
BAP + NAA seemed to be essential for organogenesis in leaf 
explant mediated callus, while through subcultured calli regeneration 
potential was considerably enhanced after replacing the BAP with 
Kn in same concentration. But it was clearly observed that if the 
BAP concentration increased to 5mg/l alongwith NAA (0.2mg/l) + 
Gla (50mg/l) the subcultured calli regained the regeneration potentials. 
The promotive effects of amino acid for organogenesis was also 
studied by Mohan et al. (1995) in Morginga terigosperma, Ali 
(1997), Saba (1998) in S. marianum and Lepedium sativum and it is 
worth mentioning here that organogenesis through calli in O. sanctum 
is the first report. 
In Cannabis sativa regeneration potential of leaf explant after 
callusing was insignificant as the shoot buds only were obtained on 
BAP (1 & 2mg/l) + NAA (2mg/l) and NAA + BAP (0.5mg/l each), 
whereas, through nodal segment indirect shoot regeneration could not 
be obtained. However, complete plantlets were obtained through 
subcultured calli on NAA (5mg/l) + Kn (lmg/1) while higher dose of 
cytokinin was better to produce shoot buds only. It is established here 
that the organogenesis through subcultured calli required higher dose 
of auxin for complete plantlets development, nevertheless only shoot 
buds could be obtained on higher dose of cytokinin with auxin. The 
requirement of higher auxin supplement leads to the hypothesis that 
the cells of unorganised callus mass may be physiologically active for 
synthesing more cytokinin which needs supplement of higher auxin 
dose to balance the requirement for the induction of shoot bud and 
subsequent development. 
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Regeneration of forest trees in general and leguminous trees in 
particular, through tissue culture has been difficult problem, 
nevertheless, limited success has been reported using explants from 
mature trees (Datta & Datta, 1983; Raghavaswamy et al., 1992; 
Bejoy & Hariharan, 1993; Jain & Chaturvedi, 1999; Siddiqui & 
Shahzad, 1999). It has been previously reported that explants from 
mature tree either did not servive or exhibited poor response (Datta 
& Datta, 1983), whereas those from seedling explant yielded 
vigorous grov^ng cultures and that were potentialy more regenerative 
(Patri et al., 1988; Mukhopadhyay & Mohan Ram, 1981; Shanker & 
Mohan Ram 1990; Jaiwal & Gulati, 1991 and Dwari & Chand, 
1995). However, in present investigation the nodal explant from 
mature D. sissoo showed multiple shoot regeneration as reported 
through seedling explant (Mukhopadhyay & Mohan Ram 1981), but the 
calli showed poor response as compared to the calli from seedling 
explants (Patri et al, 1988; Das et al., 1995 and Dwari & Chand, 
1996). 
In present study multiple shoot regeneration through callus was 
obtained on BAP + NAA + glutamic acid (50mg/l), while the calli 
obtained through seedling explant required BAP + NAA only for shoot 
regeneration as reported by Das et al. (1995) in Dalbergia species 
and Dwari & Chand (1996) in D. lanceolaria. It was also observed 
that early subculturing of calli was more effective to induce shoot 
regeneration as reported earlier in D. latifolia (Shankar et al, 1988), 
Pterocarpus santalinus (Patri et al, 1988) Sesbania grandiflora 
(Shankar & Mohan Ram^l990) and D. lanceolaria (Dwari & Chand, 
1996). 
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Multiple shoot regeneration through nodal segment culture 
on BAP + NAA as observed here has also been reported earlier 
in M. longifoUa (Rout & Das, 1993), M. azedarach (Siddiqui & 
Shahzad, 1999), whereas Bejoy and Hariharan (1993) reported that 
combination of BAP + Kn was most effective for multiple shoot 
regeneration in Adenanthera pavonina. 
5.6 Somatic Embryogenesis 
Somatic embryogenesis through calli cultured on MS medium 
supplemented with various growth regulators was observed significantly 
in Mentha arvensis followed by H. annuus, O. sanctum and with a 
very low response in B. juncea, whereas D. sissoo and C. sativa 
could not show embryogenic response on any medium. 
Among single auxin treatment, 2,4-D was better to induce 
embryogenesis in all the four plants with a maximum response in 
M arvensis at both 1 & 2mg/l concentrations, whereas in H. annuus, 
O. sanctum and B. juncea lmg/1 concentration was effective. On MS/ 
2 early embryoid differentiation was observed in O. sanctum at 1 & 
2mg/I, whereas in other three plants 2mg/l was more effective. 
However, the effect was reverse in normal MS medium. The effect of 
2,4-D as observed in the present investigation is in accordance with 
results obtained in carrot cell (Halperin, 1966), cereal and grasses 
(Vasil & Vasil, 1980, 1981,a,b), Vergmica indica (Jha & Sen, 1986), 
Coix lacryma (Sun & Chu, 1986), Dysosma pleiantha (Chuang & 
Chaung, 1987), Arachis hypogaea (Baker & Wetzstein, 1995; Eapen 
and George, 1993; Chengalarayam et ah, 1994), Cicer arietinum 
(Barna & Wakhlu, 1993), Guizotia abyssinica (Servesh et al, 1994; 
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Venkatesham & Reddy 1996), Cucumis sativus (Lou & Kako, 1995). 
PimpineJIa anisiim (Bela & Shetty 1996), Apium graveolem (Choi & 
Soh, 1997), Glycine max (Rajasekaran & Pellow, 1997), 
Eleutherococceus senticosus (Choi et al., 1999). 
Guimaras et al. (1989) pointed out that in Cyphomandra 
betacea higher concentration of 2,4-D was effective for 
embryogenesis while lower concentration favoured small callusing 
only, whereas in Panax ginseng (Chang & Hsing, 1980) transfer of 
callus was necessary from MS + 2, 4-D containing media to 1/2 
MS + BAP + GA to induce embryogenesis. However, in present 
investigation use of MS/2 alongwith 2,4-D (1 or 2mg/l) was 
sufficient to induce and differentiate the embryoids although 
germination could not be achieved. 
Embryogenic effects of 2,4-D increased significantly when BAP 
(0.5mg/l) was also added to the medium. In Mentha arvensis and H. 
annum lower concentration of 2,4-D (lmg/1) alongwith BAP (0.5mg/l) 
was better to induce early embryogenesis and maturation, whereas in 
O. sanctum and B. juncea similar effects were observed on 2,4-D 
(2mg/l) + BAP (0.5mg/l). On the same medium few embryoids of M 
arvensis germinated, whereas on lowering the MS concentration to 
half, embryoid germination was enhanced remarkably and produced a 
large number of seedlings. On MS 1/2 + 2,4-D + BAP number of 
embryoid formation increased and germination took place remarkably 
in both M. arvensis and H. annuus and also in O. sanctum few 
embryoids germinated. Addition of glutamic acid (50mg/l) to the 2,4-D 
+ BAP containing medium further enhanced the embryoids 
differentiation in M. arvensis and H. annuus but showed inhibitory 
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effects in O. sanctum and B. juncea. On this medium germination of 
embryoids increased signif icant ly in M. arvensis, whereas in 
H. annuiis it was adversely affected. Ilahi & Jabeen (1986) reported 
embryogenesis in Papaver somniferum when higher concentration of 
2,4-D (0.5mg/l) alongwith Kn (O.lmg/1) was supplemented in MS 1/2 
which is in support of our results obtained in M. arvensis, H. 
annuus, and O. sanctum. Meijer and Brown (1987) demonstrated that 
in alfalfa higher concentration of 2,4-D to lower kinetin ratio favours 
embryo development. Similar findings were also reported in Pauhnia 
tomentosa (Rodojevic, 1979), Cynara carelunculus (Miquel & Paris 
1993), Cicer arietinum (Kumar et ah, 1994), Hemidesmus indicus 
(Sarasan et aJ., 1994), AUium porrum (Hong & Debergh, 1995), 
Aegle marmeJos (Islam et al., 1996), Vigna radiata (Jayashree & 
Paratibha Devi, 1996), GuizotiH abyssinica (Venkateshwar & Reddy^ 
1996), Chlorophytum borivilianum (Arora et al., 1999) while 
Mohammed Yasseen and Splittsloesser (1995) reported that addition of 
casein hydrolysate (lOOmg/1) in 2,4-D + Kn containing medium 
induced embryogenesis in witloof chicory. 
Gupta et al., (1990) reported embryogenesis in callus culture of 
Capsicum annuum on MS medium containing NAA (2mg/l). Similar 
effect was also noticed in the present investigation in M arvensis and 
H. annuus at MS or MS 1/2 medium containing NAA (lmg/1). On MS 
1/2 + NAA (2mg/l) O. sanctum also showed few embryoid 
development, whereas in B. juncea NAA singly was ineffective. It was 
also noticed that NAA required longer incubation period for the 
induction of embryogenesis as compared to 2.4-D containing media 
irrespective of the strength of the medium and also number of 
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embryoid formation was reduced considerably. Effect of single NAA 
for embryogenesis was also reported in Solarium melongena 
(Matsuoka & Hinata, 1979), Catharanthus roseus (Raicu et al., 
1983) and in T. ammi (Sehgal & Abbas, 1994). Addition of BAP 
(0.5mg/l) to NAA conta in ing media could not improved the 
embryogenic effects. However on 1/2 strength MS medium O. 
sanctum and M. arvensis showed significant improvement for 
embryogenesis and lower concentration of NAA (lmg/1) alongwith 
BAP (0.5mg/l) was more effective. Comparatively higher number of 
embryoids were observed with an earlier response as in single NAA 
containing medium. Similar effects were reported in Capsicum 
anmium (Gupta et al.. 1990) on MS + NAA (2mg/l) + Kn (0.5mg/l), 
and in Fritillaria sinica Zhang et al. (1995) on NAA (lmg/1) + BAP 
(0.5mg/l). Better effects of NAA + BAP was also reported in Carica 
candamar (Jordan et al., 1982, 1983). Mediocuctus coccineus 
(Infante, 1992) and Arachis hypogea (Venkatchalam, et al., 1999). 
reported by Gupta et al, (1990) in Fritllaria sinica on NAA (2mg/l) 
+ BAP (0.5mg/l), Mediocactus coccineus (Infante, 1992) and Arachis 
hypogaea (Venkatchalam et al., 1999). 
Single cytokinin containing medium showed very poor response 
for embryogenesis and only MS + BAP induced some embryoids in M. 
arvensis followed by O. sanctum, whereas other plants remained 
ineffective. Supplement of Kn to the MS medium was totally 
ineffective even after reducing the strength of MS to half. However, 
on MS 1/2 medium supplemented with BAP all the plants showed 
embryogenesis. In Mentha arvensis comparatively early embryogenesis 
was observed on BAP (1 & 2mg/l) and 10-15 embryoids differentiated 
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into plants. In O. sanctum only higher concentraiton of BAP was 
effective, whereas in H. anmms lower concentration was beneficial and 
a remarkable number of embryoids was obtained. In B. juncea a few 
embroids were obtained on both the concentrations (1 & 2mg/l). 
In B. juncea comparatively larger incubation was required for induction 
of embryogenesis. Germination could not be obtained on single 
cytokinin medium except in M. arvensis. 
Cytokinins have been sho \^^ l to be important for induction and 
development of somatic embryos in a number of species (Fijimura & 
Comamine, 1975; Evans, Sharp & Flick, 1981 and Hasuda et al., 
1985). Specificity for a particular cytokinin is unusual as it was 
observed in M. arvensis and O. sanctum. Reynolds (1986) also 
described that Kn promote organogenesis while BA at lower 
concentration induced embryogenesis in SoJanum carolinens. Similarly 
the effect of single BA for somatic embryogenesis was documented by 
Newman et al. (1996) in Lycopersicon esculentum. 
Supplement of NAA (0.5mg/l) to the MS + BAP enhanced the 
number of embyoid formation in M. arvensis followed by O. 
sanctum. It has been observed that in M arvensis BAP (2mg/l) was 
more effective, while in H. annuus lower concentration (lmg/1) was 
better. 
Effects of Kn (1 & 2mg/l) even after addition of NAA (0.5mg/l) 
could not be triggerred, but on lowering the MS to half strength some 
embryoids differentiated in H. annuus on MS + Kn (lmg/1) + NAA 
(0.5mg/l). However, the effects of BAP alongwith NAA on MS 1/2 
significantly improved and a large number of embryoids were produced 
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which after maturation germinated into seedlings. Maximum response 
was observed in M. arvensis and about 175-200 plants/culture were 
obtained. Few embryoids germinated in H. annuus but O. sanctum and 
B. juncea did not exhibit germination although number of embryoid 
production increased. 
Embryoid formation and germination was further increased in 
Mentha arvensis when glutamic acid was also added to MS 1/2 + 
BAP (1 & 2mg/l) + NAA (0.5mg/l) fol lowed by H. annuus, 
precaucious germination occurred. Low concentration of BAP was 
most effective. Addition of glutamic acid played inhibitory effects in 
B. juncea. Whereas in O. sanctum it was same as in without glutamic 
acid containing medium. It has also been observed that on increasing 
the NAA concentration from 0.5 to lmg/1 in glutamic acid containing 
medium the embryoid differentiation significantly decreased. 
Embryogenesis could be induced in coffee in the presence 
of single cytokinin (Yasuda et al., 1985) as it was observed in 
M arvensis and O. sanctum on MS + BAP. However, in other plants 
single cytokinin was ineffective. Similarly inhibitory effect of BAP in 
carrot culture has also been demonstrated by Fujimura and Comamine 
(1975). 
Cytokinin in combination with NAA improved the embryogenic 
effects. In Mentha arvensis the effects were more prominent 
followed by O. sanctum and H. annuus. Similar effect of BAP and 
NAA combination was also demonstrated in S. carolinens (Reynolds, 
1986), Cumin cyminum (Hussein & Batra, 1998) and in Arachis 
hypogaea (Venkatchalam et al, 1999). These workers reported that 
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higher concentration of BAP alongwith NAA was more effective, as it 
is clearly observed in M. arvemis and O. sanctum. While Rout and 
Das (1993) reported better somatic embryogenesis in Simarouba 
glauca on modified MS medium containing BAP + NAA as observed 
in the present investigation on MS 1/2 medium with similar hormonal 
combination. Whereas Chaturvedi et al. (1977), Chaturvedi & Sinha 
(1979), Sharma & Chaturvedi (1989) used SH medium alongwith BAP 
singly or in combination with auxins for embryogenesis in Dioscoria 
floribunda and Dioscorea deJtoidea. They have demonstrated that 
incorporation of NH^NO, and reduction in level of Thiamine HCl, 
Pyridoxin HCl and Nicotinic acid was essential for the production of 
plantlets. Whereas, in present study enhancement in plant production 
through embryogenesis was achieved on MS 1/2 + Glutamic acid 
(50mg/l) alongwith BAP and NAA, with best response in M. arvemis 
followed by H. annuus & O. sanctum. 
Superiority of BA over Kn was also documented by Das et al 
(1993) in Mussanda erythrophylla but the auxin used was lAA inplace 
of NAA. 
Effects of higher Kn to low auxin ratio was demonstrated in 
Apium graveolens (AVilliams & Collins, 1976), Cicer arietinum 
(Shanker & Mohan Ram, 1993), Dianthus superbus (Lee et al. 
1994), Hardwickia binata (Das et al., 1995) and Rani & Reddy 
(1996) in cultivated & wild species of groundnut. Similar effect of 
Kn with NAA was observed in present study in H. annuus only 
whereas Hamida et al. (1997) and Mariotti and Arcioni (1983) 
documented that Kn or 2ip + lAA containing media was beneficial 
for germination of somatic embryos from cultivated embryogenic 
177 
callus produced on 2,4-D supplemented medium. 
5.7 Rooting in microshoots 
Rooting in microshoots, transplantation and acclimatization of 
the plantlets to the natural conditions has been considered to be the 
most important steps but difficult task in micropropagation 
(Murashige, 1974). In present study it has been observed that 
regenerants of different plants need various types of auxin 
supplements, either singly or in combination with other auxins at 
varied concentrations for the induction of successful rooting. In 
Helianthus annuus, Brassica juncea and Ocimum sanctum single auxin 
could show satisfactory response for rhizogenesis. The effect of NAA 
was superior as compared to IBA. Similar effect of NAA was reported 
earlier in Chrysanthemum (E^rle & Langhans,1974a,b), Gerbera 
(Pierik et al., 1975), B. campestris (Singh et al., 1985), Guizotia 
abyssinica (Nikam & Shitole, 1993 & Adda et a/. ^ 1994), B. napus 
(Ono et al., 1994), E. axiUar (Teo et al, 1997) and Brassica rapa 
(Sudharson, 1998). 
The successful rooting in microshoots on two auxin 
combination has been advocated by Rajani and Urs (1998), 
Mascarenhas et al (1982), Kotwal Mridula et al (1983), Pattnaik and 
Vijyakumar (1997), Bhaskar and Subash (1996) which holds good in 
the present investigation in H. annuus and B. juncea whereas, in 
Mentha arvensis rooting in microshoots occurred on same medium if 
containing BAP singly or in combination with NAA. Rooting response 
of same medium on which the regeneration takes place has also been 
reported earlier in Bacopa moniera (Ali et al, 1996). While rooting 
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reported earlier in Bacopa moniera (Ali et al., 1996). While rooting 
response of excised shoot was best studied on MS 1/2 medium 
fortified with IB A (2mg/l) as reported in M. longifolia (Rout & Das, 
1993), Averrhoa carobola (Khalekuzzaman et al., 1995), Piper 
coJubrium (Kelkar et QI., 1996), Gymnema sylvestris (Sairam Reddy 
et a]., 1998), "Neem (Venkateshwarlu, 1998), Mentha arvensis 
(Shahzad et al., 1999) and Solarium nigrum (Shahzad et al, 1999). In 
Mentha arvensis IBA showed early and 100% response but faster 
growth in root was noticed on NAA (2mg/l) as observed in Cannabis 
sativa. In Cannabis sativa besides faster growth in root the NAA 
induced more number of roots than IBA. But early root induction was 
observed on IBA containing media in Cannabis sativa. 
The microshoots of D. sissoo did not respond to any single 
auxin supplement. Poor response*'of single auxin for root induction in 
regenerants of tree species has also been reported in Aegle marmelos 
(Hossain et al., 1994) and Adenanthera pavonina (Bejoy & 
Hariharan, 1993). Whereas, NAA + IBA combination proved to be the 
best for successful root regeneration with the optimum concentration 
of NAA (Img) + IBA (1.5mg), which is in consonance with the 
earlier reports made by Bejoy and Hariharan (1993), Hossain et al. 
(1994) and Varma and Kant (1996). However Das et al. (1995) 
reported that MS/2 with IBA was better for root induction in 
regenerants of tree species, while Kaur (1997) documented for 1/4 
MS with same auxin in Acacia catechu. 
Thus, in the present investigations a successful protocol has 
been evaluated to get efficient callogenesis, growth, cytodifferentiation 
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and organogenesis both through direct and indirect pathways in all the 
six plants selected. Micropropagation through somatic embryogenesis 
was also achieved successfully in Mentha arvensis, Helianthus 
annuus, Ocimum sanctum and Brassica juncea alongwith successful 
acclimatization into field conditions. 
Ofa/myniAMm 
Chapter - 6 
SUMMARY 
The present investigation was undertaken to develop reliable 
protocol for the evaluation of best medium for the optimal response 
to produce various types of calli, cytodifferentiation, efficient 
micropropagation through organogenesis and embryogenesis and 
successful acclimatization. The results are summarized as under. 
6.1 Callogenesis 
The leaf and shoot tip explants in Helianthus annuus were 
more callogenic than other explants on both higher auxin to lower 
cytokinin or higher cytokinin to lower auxin containing media. Other 
explants responded better on higher cytokinin to lower auxin ratio. 
2,4-D (2mg/l) was best single auxin treatment for the callus induction 
in all the explants but addition of NAA (2mg/l) proved to be better 
for early callusing. The combination of NAA (lmg/1) + BAP (lmg/1) 
gave better response for the production of nodular green calli in leaf 
explant whilst NAA (5mg/l) + BAP (0.5mg/l) was found better in 
inducing yellowish callus in coty^edonary explant. Hypocotyle and root 
explants exhibited poor response and produced friable and creamy 
coloured calli on 2,4-D (2mg/l) alone or 2,4-D (2mg/l) + BAP (lmg.'1 
Higher concentration of both BAP (5mg/l) + NAA (5mg/l) in 
combination was found suitable for the induction of fast growing 
green nodular calli in all explants except root segments which 
showed similar response on Kn (2mg/l) + lAA (lmg/1). 
The leaf and shoot tip explants in Brassica juncea showed 
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better response for callus induction and proliferation. Optimum 
response of 2,4-D (2mg/l) and NAA (2mg/l) was noticed in 
cotyledon & shoot tip explants respectively. Nodular callus 
production through leaf and shoot tip explants was obtained on 
NAA (2 or 5mg/l) + BAP (Img/l) while on lower concentration of 
NAA (lmg/1) + BAP (0.5mg/l) greenish friable calli were produced. 
Supplementation of higher concentration of cytokinins than auxins 
proved superior to higher auxin to lower cytokinin ratio. All the 
explants produced fast growing loose creamy coloured calli on BAP 
(5mg/l) + NAA (lmg/1), while Kn (5mg/l) + NAA (lmg/1) resulted 
in the production of nodular green calli. 
In Ocimum sanctum nodal segment and shoot tip explants were 
more responsive for callus induction as compared to leaf explant. The 
best medium for the production of fast growing pigmented nodular 
calli was evaluated as Ads (10 - 15mg/l) + lAA (0.5-lmg/l) in all the 
explants followed by BAP (5mg/l) + NAA (0.2mg/l) + Gla (50mg/l) in 
leaf and BAP (2 or 5mg/l) + NAA (0.2mg/l) + Gla (50mg/l) in stem 
segment and shoot tip. Higher auxin to lower cytokinin ratio was 
inferior to higher cytokinin to lower auxin ratio. On NAA (5mg/l) + 
BAP (0.5mg/l), nodular green calli were produced through leaf explant 
and NAA (2 - 5mg/l) + Kn (0.5mg/l) was better for the production of 
fast growing yellowish coloured nodular compact calli through stem 
segment and shoot tip explants. 
In Dalbergia sissoo the stem segment was found most suitable 
explant for the production of friable and creamy coloured calli on 
NAA (5mg/I) + BAP (0.5mg/l), while BAP (5mg/l) + NAA (5mg/l) 
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resulted in loose callusing. The leaf explant responded best on Kn 
(5mg/l) + NAA (5mg/l) for the induction of nodular green calli 
followed by BAP (5mg/l) + NAA (0.2mg/l) + glutamic acid (50mg/l). 
The stem explant of Mentha arvemis exhibited good response 
for the induction of compact nodular callus followed by leaf explant 
on NAA (5mg/l) + BAP (lmg/1). The higher dose of cytokinin and 
auxin proved to be significant and showed greenish granular callusing 
through leaf explant on Ads (15mg/l) + NAA (5mg/l), while BAP 
(5mg/l) + NAA (0.5mg/l) was found suitable in stem segments. 
In Cannabis sativa also the stem segment was better for the 
production of callus. The most suitable medium tested was MS + 
NAA (4mg/l) + BAP (0.5-lmg/1), which produced compact nodular 
green calli. However, yellowish, smooth calli were observed in leaf 
explant on NAA (2mg/l) + BAP (0.5-lmg/l) . BAP (2mg/l ) in 
combination with 2,4-D (0.5mg/l) was most effective for the induction 
of fast growing dark green nodular calli through leaf explants while 
stem segments produced fast growing creamy coloured friable calli on 
BAP (4mg/l) + NAA (4mg/l). However, supplement of other auxins at 
the same concentration in place of NAA played inhibitor\- effects. 
6.2 Callus Growth 
In callus growth studies, it was observed that under similar 
conditions and using similar explants calli, growth was slow in 
Ocimum sanctum but faster in HeJianthus anmius, Dalbergia ssisoo 
and Brassica Juncea respectively. Different auxins and cytokinins in 
different concentration regimes responded differently in maintaining the 
callus growth in terms of fresh and dry weight and relative growth rate. 
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In H. annuus fresh and dr>' weight was found to be maximum in 
BAP (2mg/l) + lAA (0.05mg/l). while media containing Ads were least 
effective. Maximum relative growlh rate was observed in Kn (5mg/l) + 
lAA (0.05mg/l) in the first week (0.14 day') while in the fifth week 
it was maximum (0.10 day ' ) in BAP (3mg/l) + lAA (0.05mg/l). 
Among auxin containing media maximum fresh weight was noticed in 
the fifth week in NAA (5mg/l) + Kn (0.05mg/l) and dry weight was 
maximum in NAA (3mg/l) + Kn (0.05mg/l). While relative growth 
rate was maximum (0.17 day') in the second week in lAA (5mg/l) + 
Kn (0.05mg/l). Higher concentration of IB A showed poor response for 
callus growth. 
In Brassica juncea best aaxin for callus growth was lAA (5mg/l) + 
Kn (0.05mg/l). On this medium faster growth was recorded in the 
first week followed by fourth and fifth week. Maximum fresh weight 
was recorded on the same medium in the fifth week while for 
maximum dry weight IBA (3mg/l) + Kn (0.05mg/l) was significant. 
Maximum relative growth (0.11 day ' ) was obtained in the first week 
in NAA (5mg/l) + Kn (0.05mg/l) followed by (0.10 day') in the 
third week on Kn (3mg/l) + lAA (0.05mg/l) while at the end of fifth 
week BAP (3mg/l) + Kn (0.05mg/l) was best for maximum relative 
growth rate. The cytokinin containing media responded less for callus 
growth and only Kn (3mg/l) + lAA (0.05mg/l) showed better response 
for maximum gain in fresh and dry weight at the end of fifth week. 
Similarly, in D. sissoo NAA (5mg/l) + Kn (0.05mg/l) was found to be 
the best medium for maximum fresh and dry weight gain upto the end 
of fifth week, while relative growth rate was maximum (0.1 day"') in 
the same medium in the second week. It has been concluded that in 
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Dalbergia sissoo cytokinin containing media were significantly better 
as compared to auxin containing media. BAP (5mg/l) + lAA (0.05mg/l) 
proved to be better for maximum fresh and dr>' weight and RGR. 
In Ocimiim sanctum, NAA (5mg/l) + Kn (0.05mg/l) exhibited 
maximum fresh and dry weight and relative growth rate upto the fifth 
week of incubation, while lAA showed very poor response. 
Cytokinin augmented media were slightly better for gain in dry 
weight as compared to fresh weight gain. Adenin sulphate (lOmg/1) 
+ lAA (0.05mg/l) was better for maximum fresh and dry weight 
gain upto the fifth week. While maximum relative growth rate was 
recorded in the first week on BAP (3mg/l) + lAA (0.05mg/l) 
Although 2,4-D was found to be good callus inducing auxin, 
but inhibited callus proliferatioo. except in Ocimum sanctum, where 
adenin sulphate gave better response for callus growth which 
responded poorly in other taxa studied in the present investigation. 
Hence, in Ocimum sanctum some endogenous hormonal regulation 
altered the effects of auxin or cytokinin other than 2,4-D or adenin 
sulphate. 
6.3 Xylogenesis 
In cytodifferentiation studies emphasis was given on tracheid 
differentiation in calli subcultured on different hormonal regimes. A 
wide range of differentiating pattern was observed in all the six 
plants investigated in present study. It was evaluated that in some 
cases synthetic auxins showed poor xylogenic effect as compared to 
natural auxin and vice versa. 
The best response for xylogenesis in H. anmius was observed 
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on IB A (2 - 5mg/l) + Kn (0.05mg/l) followed by NAA (lmg/1) + Kn 
(0.5mg/l). Low auxin supplement to higher cytokinin augmented media 
did not improve the response. The two cytokinins in combination with 
lAA (0.5mg/l) exhibited synergistic effects for early and comparatively 
better tracheary cell differentiation. 
In Brassica juncea auxin containing media showed poor response 
for xylogenesis as compared to cytokinin containing media. Among 
single auxin or auxin + cytokinin better results were obtained on 2,4-
D (2mg/l) + NAA (1 or 2mg/l) + Kn (0.5mg/l). Whereas BAP at 
higher concentration in combination with Kn (lmg/1) + lAA (0.5mg/l) 
proved to be the best and most suitable for the differentiation of 
tracheary cells. 
In O. sanctum lAA + Kn was the best combination for better 
xylogenesis and the optimum concentration was evaluated as lAA 
(2mg/l) + Kn (0.5mg/l), but the combination of two auxins was not 
better. Both cytokinin and auxin containing media were proved to 
be equally xylogenic. The best combinations were BAP (2mg/l) + lAA 
(0.5mg/l), Ads (lOmg/1) + lAA (0.5mg/l), BAP (2mg/l) + Kn (lmg/1) 
+ lAA (O.SmgA) and BAP (2mg/l) + Kn (lmg/1) + lAA (0.5mg/l). 
Xylogenesis in Mentha arvensis and D. sissoo was rather poor 
on both auxin and cytokinin containing media. Whereas cytokinin 
containing media were found slightly better in Mentha arvensis than 
auxin containing media which were suitable for D. sissoo. In Mentha 
arvensis a better response was noticed on BAP (2mg/l) + Kn (lmg/1) 
+ lAA (0.5mg/l) while in D. sissoo, lAA or IBA (2 or 5mg/l) + Kn 
(0.5mg/l) was better. 
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effects as compared to other plants while auxin containing media were 
significantly better with optimal response on IBA (2mg/l) + Kn 
(0.5mg/l) followed by NAA (2mg/l) + Kn (0.5mg/l) and 2,4-D (2mg/l) 
+ IBA (lmg/1) + Kn (0.5mg/l). In C. sativa 2,4-D containing media 
induced localized tracheary cell differentiation as compared to 
delocalized arrangement in other plants and also exhibited a poor 
response. 
6.4 Rhizogenesis 
The best response for rhizogenesis through leaf explant was 
observed in H. annuus, B. juncea and Mentha arvensis and through 
shoot tip or stem segment in O. sanctum while through callus in 
D. sissoo and Cannabis sativa. 
In H. annuus the leaf explant profusely rooted on MS + NAA 
(2mg/l) + Kn (0.5mg/l) followed by IBA (2mg/l) singly or in 
combination with Kn (0.5mg/l). However, IBA (1 - 2mg/l) + Kn 
(0.5mg/l) proved to be the best for rhizogenesis in the shoot tip 
explants from cut end as well as from whole surface. Similar 
response was also noticed on NAA (4mg/l) + Kn (0.5mg/l) and NAA 
(lmg/1) + EBA (1.5mg/l). Cotyledon explant poorly responded, whereas 
calli profusely rooted on NAA (4mg/l). The cytokinin either singly or 
in combination could not show significant response. In leaf explant, 
Kn (lmg/1) + lAA (lmg/1) could induce rhizogenesis significantly 
while in callus Kn (4mg/l) + lAA (lmg/1) was found suitable. 
In Brassica juncea among single auxin treatment lAA (4mg/l) 
was the best for leaf and cotyledon explants while lAA (4mg/l) + Kn 
(0.5mg/l) induced profuse rooting in shoot tip explants. lAA (2mg/l) 
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(0.5mg/l) induced profuse rooting in shoot tip explants. lAA (2mg/l) 
was the best in MS/2 for leaf and shoot tips. The two auxins namely 
NAA (lmg/1) + IBA (1 & 1.5mg/l) exhibited significant response in 
leaf explant followed by shoot tip on NAA (lmg/1) + IBA (1.5mg/l). 
Supplement of cytokinin was not beneficial for rhizogenesis except Kn 
(lmg/1) + lAA (lmg/1) in leaf explant and cotyledon while MS/2 
containing Kn (lmg/1) + IBA (0.5mg/l) was most effective in 
cotyledon. The shoot tip and calli showed very poor response on 
cytokinin containing media. 
In Ocimum sanctum, stem segment was the best explant for high 
frequency of rhizogenesis on NAA (4mg/l) + Kn (0.5mg/l) followed 
by NAA (2mg/l) + Kn (0.5mg/l). Similar trend was also observed on 
NAA + Kn combination when supplemented in MS/2. For better 
rhizogenesis subcultured calli gave better response on IBA (2mg/l) + 
Kn (0.5mg/l) followed by NAA (2mg/l) + Kn (0.5mg/l). The 
cytokinins singly or in combination with auxin could not prove its 
rhizogenic efficiency. The MS/2 medium augmented with Kn (2mg/l) + 
NAA (0.5mg/l) was suitable for stem segment. In Mentha arvensis, 
IBA was the most suitable auxin for the induction of highly profuse 
rhizogenesis in leaf explant followed by stem segment. The 
subcultured calli responded well in NAA. The Rhizogenic potentialit>' 
decreased in other auxin and addition of BAP (0.5mg/l) was inhibitor>' 
for rhizogenesis in leaf explant. In stem segment, supplement of two 
auxins (EBA + NAA) in MS/2 was beneficial for profuse rhizogenesis. 
Similar trend was exhibited by subcultured calli. Single cytokinin was 
totally ineffective for rhizogenesis in leaf explant, while some 
response was noticed in stem segment on BAP or Ads containing 
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media. BAP (2mg/l) + NAA (0.2mg/l) and BAP (lmg/1) + lAA 
(0.5mg/l) gave better response for the -induction of rhizogenesis in 
stem segment while MS/2 + IB A (2mg/l) + 2,4-D (0.5mg/l) was 
significantly better for subcultured calli. 
In Dalbergia sissoo leaf and stem segment explants responded 
insignificantly for rhizogenesis. However, subcultured calli exhibited 
the best response for the induction of rhizogenesis. Higher 
concentration of NAA or IB A alongwith BAP (0.5mg/l) was better 
than higher concentrations of BAP with NAA (0.2mg/l). Kn and 
Ads showed very poor response. Addition of glutamic acid proved to 
be essential for the induction of early and profuse rhizogenesis. BAP 
(4mg/l) + NAA (0.2mg/l) + Gla (50mg/l) gave better response 
followed by BAP (2mg/l) + NAA (0.2mg/l) + Gla (50mg/l) and IBA 
or NAA (4mg/l) + BAP (0.5mg/l) + Gla (50mg/l). 
In Cannabis sativa the subcultured calli exhibited best 
rhizogenesis than leaf and shoot tip explants. MS + 2,4-D (4mg/l) + 
Kn (0.5mg/l) was the best medium for the induction of profuse 
rooting followed by NAA (4mg/l) + BAI» (0.5mg/l) and BAP (4mg/l) 
+ NAA (lmg/1). In leaf explant best rhizogenesis was induced on NAA 
(4mg/l) + BAP (0.5mg/l) while in shoot tip explant moderate rooting 
occurred on higher NAA to lower BAP. 
6.5 Caulogenesis 
The best response for caulogenesis in Helianthus annuiis was 
observed on Kn (2mg/l) + lAA (lmg/1) through leaf explant directly 
and 10-12 shoots were recovered, while NAA (lmg/1) + BAP (0.5mg/l) + 
GA3 (0.5mg/l) showed better response for stem segments and NAA 
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(lmg/1) + BAP (0.5mg/]) for subcultured calli. For both direct and 
indirect shoot regeneration, leaf explant was found better while for 
multiple shoot bud induction only subcultured calli gave better 
response on BAP (5mg/l) + NAA (lmg/1). 
In Brassica juncea a good degree of caulogenesis was obtained 
through subcultured calli on BAP (5mg/l) + NAA (lmg/1) combination. 
However, through cotyledon it was better on BAP (2mg/l) + NAA 
(0.5mg/l) and through leaf, single treatment of Kn (4mg/l) was most 
effective. Direct multiple shoot regeneration was obtained from shoot 
tip explants on BAP (lmg/1) + NAA (lmg/1), while on BAP (lmg/1) + 
Kn (lmg/1) + NAA (0.5mg/l) augmented media, multiple shoot buds 
formation was obtained with some callusing. 
In Mentha arvemis, MS + Ads (15mg/l) + lAA (0.5mg/l) 
proved to be the best medium for high frequency of direct 
organogenesis through leaf and stem segment, while MS + BAP (5mg/l) 
+ NAA (lmg/1) was better for subcultured calli. However, MS/2 
supplemented with BAP + lAA induced caulogenesis significantly 
through stem segment. The caulogenesis d e c r e a s e d with the 
d e c r e a s e in BAP concen t ra t ion . S i m i l a r l y , d i rec t s h o o t 
regeneration in O. sanctum was successfully obtained on BAP (2mg/l) 
+ GA (0.2mg/l) through stem segment, while through callus mediated 
regeneration BAP (lmg/1) + NAA (0.2mg/l) + Gla (50mg/l) proved to 
be significant. The subcultured calli exhibited better regeneration 
potentials on BAP (Smg/l) or Kn (lmg/1) + NAA (0.2mg/l) + Gla 
(50mg/l) supplemented medium while at lower concentration of BAP 
and NAA only shoot buds were obtained. The leaf explant proved to 
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be recalcitrant for caulogenesis on all media tested except NAA 
(lmg/1) + BAP (0.5mg/l) + Gla (50mg/l), which proved suitable for 
indirect shoot regeneration. 
In Dalbergia sissoo, indirect shoot regeneration through leaf 
explant could be obtained on BAP (5mg/l) + NAA (0.2mg/l) + Gla 
(50mg/l), while through stem segment direct shoot regeneration could 
be obtained on BAP (5mg/l) + NAA (lmg/1) and at lower 
concentration of NAA (0.2mg/l), only shoot buds were induced. 
Whilst through subcultured calli caulogenesis could occur 
successfully on BAP (5mg/l) + NAA (0.2mg/l) + Gla (50mg/l). 
In Cannabis sativa, direct caulogenesis was observed on BAP 
(2mg/l) + NAA (0.2mg/l) through stem segment, while through leaf 
and subcultured calli only shoot buds could be produced. Single 
cytokinin or auxin was ineffective, while NAA (0.5mg/l) + BAP (lmg/1) 
induced shoot bud formation through leaf explant and Kn (2mg/l) + 
BAP (2mg/l) + NAA (0.5mg/l) was found better for caulogenesis 
through subcultured calli. 
6.6 Somatic embryogenesis 
The induction of somatic embryogenesis, differentiation and 
germination of embryoids has been investigated through subcultured 
calli on MS/2 medium fortified wdth various auxins or cytokinins 
singly or in combinations. The best response for somatic 
embryogenesis was obtained in Mentha arvensis followed by 
H. annuus, O. sanctum and B. juncea, while D. sissoo and C. sativa 
were devoid of embryogenic potentials. 
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and subsequent germination of somatic embtyos could be achieved on 
MS/2 + BAP (2mg/l) + NAA (0.5mg/l) and MS/2 + 2,4-D (lmg/1) + 
BAP (0.5mg/l). However, in H. annuus addition of glutamic acid 
accelerates embryoid germination and the optimal response was 
noticed on MS/2 + BAP (lmg/1) + NAA (05mg/l) + Gla (50mg/l) 
MS medium with same hormonal regimes was ineffective for embr\oid 
differentiation. Initiation of germination of embr>'oids was observed on 
the MS medium supplemented with 2,4-D (lmg/1) + BAP (0 5mg/l) 
Similarly, MS/2 + 2,4-D (2 mg/1) + BAP (0.5mg/l) gave better 
response in O. sanctum for embryoid differentiation and subsequent 
germiantion. 
In Brassica juncea, a large number of embryoid differentiation 
was exhibited on MS/2 + 2,4-D (lmg/1) + BAP (0.5mg/l) but further 
germination of the embryoids could not be triggered. 
6.7 Rooting in microshoots and % acclimatization 
In Helianthiis annuus and Brassica juncea 100 % rooting was 
induced in microshoots on medium conta in ing two auxins in 
combination. Optimum response was noticed on NAA (1.5mg/l) + IBA 
(2mg/l) while in D. sissoo, the medium containing NAA (lmg/1) + 
IBA (1.5mg/l) was more effective and induced 70% rhizogenesis In 
Mentha arvensis and Cannabis sativa 100% rooting response was 
noticed on IBA (2mg/l > lmg/1) The medium supplemented with N.AA 
(1.5mg/l) proved to be optimum and induced 90% rhizogenesis in 
Ocimum sanctum 
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Maximum acclimatization was achieved in Mentha arvensis 
(90%) followed by Cannabis sativa, Helianthus annuus and Ocimum 
sanctum (80%) and Brassica juncea (70%) while least success was 
noticed in Dalbergia sissoo (30%). 
KpoyrwioMo^ 
Chapter - 7 
CONCLUSION 
The findings based on experiments conducted on H. annuus, B 
juncea, O. sanctum, M. arvensis, D. sissoo and C. sativa lead to 
the following conclusions : 
1. Most efficient micropropagation has been achieved in M. 
arvensis both through caulogenesis and embryogenesis followed 
by H. annuus. O. sanctum, B. juncea, C. sativa & D. sissoo 
2. Callus can be raised through different explants in all the six 
plants investigated. 
3. Stem explant proved more callogenic in B. Juncea, O. sanctum, 
M. arvensis, D. sissoo and C. sativa, while the leaf explant in 
H. annuus. 
4. Nodular green calli were obtained successfully on Kn/NAA in B. 
juncea and D. sissoo and BAP/NAA could be used in H. 
annuus, while in O. sanctum, M. arvensis and C. sativa NAA/ 
BAP proved better. 
5. Friable creamy coloured calli were raised more successfully on 
2,4-D/BAP in H. annuus, and on BAP/NAA in B. juncea, while 
in D. sissoo and C. sativa NAA/BAP proved better. 
6. For best callus growth BAP containing media were most suited 
for H. annuus, lAA for B. juncea and NAA for O. sanctum and 
D. sissoo. 
7. For cytodifferentiation studies higher auxin to lower cytokinin 
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supplements proved best in H. annuus, D. sissoo and C. sativa 
whereas in B. juncea and M. arvensis higher cytokinin to lower 
auxin supplements proved better, but in O. sanctum both auxin 
as well as cytokinin responded equally. 
8. A successful rhizogenesis has been achieved through various 
explants in 2\\ the plants studied. 
9. Direct caulogenesis in H. annuus was obtained successfully 
through leaf explant with the optimal response on Kn (2mg/l) + 
lAA (lmg/1) while through callus on BAP (Img/I) + NAA 
(0.2mg/l). 
10. In B. juncea direct shoot regeneration was obtained successfully 
through shoot tip with the maximum response on BAP (5mgA) + 
NAA (0.5mg/l) while indirect caulogenesis was obtained on BAP 
(2mg/l) + NAA (lmg/1). 
11. Direct caulogenesis in O. sanctum was obtained through stem 
segment on BAP (lmg/1) + GA^ (0.2mg/l), while indirect 
caulogenesis was successfully obtained through subcultured calli 
on Kn (lmg/1) + NAA (0.2mg/l) + Gla (50mg/l). 
12. In M. arvensis stem segment is best suited for direct 
caulogenesis with the best response on Ads (15mg/l) + lAA 
(0.5mg/l) while indirect regeneration could be obtained through 
subcultured calli on BAP (5mg/l) + NAA (ImgA). 
13. In D. sissoo stem segment can produce direct shoot 
regeneration efficiently on BAP (5mg/l) + NAA (lmg/1) while 
through subcultured calli BAP (5mg/l) + NAA (0.2mgA) + Gla 
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(50mg/l) proved better. 
14. Direct caulogenesis in C. sativa has successfully been achieved 
through stem segment while indirectly through subcultured calli 
on BAP (5mg/l) + NAA (2mg/l) with the optimal response. 
15. For somatic embryogenesis the calli of M. arvensis proved 
more efficient followed by H. annmis, O. sanctum and poor in 
B. juncea. 
16. MS/2 with various phytohormones proved more suitable for 
efficient somatic embryogenesis. 
17. The calli of D. sissoo and C. sativa proved recalcitrant for 
somatic embryogenesis. 
18. Rooting in microshoots could be obtained more efficiently on 
IBA in M. arvensis and C. sativa, while NAA + IBA proved 
better in H. annmis, B. juncea and D. sissoo but in O. sanctum 
NAA showed better response. 
19. Highest frequency of acclimatization could be obtained in M. 
arvensis followed by C. sativa, H. annuus O. sanctum, B. 
juncea and D. sissoo. 
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Explanation of Fig. 1, A-I 
Callogenesis in Helianthus annuus 
A. Nodular compact yellowish coloured callus initiation from 
cotyledon on NAA (5mg/l) + BAP (0.5mg/l) - 20 days old 
culture. 
B. Friable and creamy white coloured callus from hypocotyl on 
2,4-D (2mg/l) + BAP (0.5mg/l) - 20 days old culture. 
C. Nodular green callus from leaf on NAA (lmg/1) + BAP (Img/ 
1) - 20 days old culture. 
D. Fast growing creamy white smooth callus from leaf on Kn 
(5mg/l) + NAA (lmg/1) - 20 days old culture. 
E. Compact nodular green callus from leaf on BAP (5mg/l) + 
NAA (5mg/l) - 28 days old culture. 
F. Greenish yellow smooth callus from leaf on BAP (5mg/l) + 
lAA (lmg/1) - 28 days old culture. 
G. Greenish compact callus from shoot tip on BAP (5mg/l) + 
lAA (lmg/1) - 35 days old culture. 
H. Compact nodular green callus from nodal segment on BAP 
(5mg/l) + NAA (5mg/l) - 28 days old culture. 
I. Yellowish granular callus from root on Kn (2mg/l) + lAA 
(lmg/1) - 20 days old culture. 
Ncy - nodular compact yellowish, FcrW - friable creamy white, Ng - nodular green, Crw 
- creamy white, CNg compact nodular green, Gry - greenish yellow smooth, GrC 
- greenish compact, CNg - compact nodular green, Ygr - yellowish granular. 

Explanation of Fig. 2, A-D 
Callogenesis in Brassicajuncea 
A. Greenish yellow smooth callus from cotyledon on NAA (5mg/ 
1) + BAP (lmg/1) - 20 days old culture. 
B. Greenish friable callus from leaf on NAA (lmg/1) + BAP 
(0.5mg/l) - 20 days old culture. 
C. Nodular green callus from leaf on Kn (5mg/l) + NAA (Img/ 
1) - 28 days old culture. 
D. Greenish yellow callus from shoot tip on BAP (5mg/l) + 
NAA (lmg/1) - 28 days old culture. 
GrY - greenish yellow smooth. GrFr - greenish friable. Ng - nodular green. Gr> -
greenish yellow. 

Explanation of Fig. 3, A-D 
Callogenesis in Ocimum sanctum 
A. Nodular green callus from leaf on NAA (5mg/l) + BAP 
(0 5mg/l) - 20 days old culture. 
B. Nodular green callus from shoot tip on NAA (5mg/l) + Kn 
(0.5mg/l) - 20 days old culture. 
C. Yellowish compact callus from nodal segment on NAA (2mg/ 
1) + Kn (0.5mg/l) - 20 da\ s old culture. 
D. Creamy colured friable callus from shoot tip on 2,4-D (2mg/ 
1) + Kn (0.5mg/l) - 28 days old culture. 
Ng - nodular green. Yc - vellowish conipaci. CrFr - creain> coloured friable 

Explanation of Fig. 4, A-D 
Callogenesis in Ocimum sanctum 
A. Greenish callus from leaf on BAP (5mg/l) + NAA (0.2mg/l) -
28 days old culture. 
B. Nodular green callus from leaf on Ads (15mg/l) + lAA 
(0.5mg/l) - 28 days old culture. 
C. Greenish yellow callus from stem segment on Ads (15mg/I) 
lAA (lmg/1) - 20 days old culture. 
D. Slow growing whitish callus from leaf on Ads (5mg/l) + 
NAA (0.5mg/l) + BAP (0.5mg/l) - 35 days old culture. 
Gr greenish. NG - nodular green. GrY - greenish yellow. Wh - >vhitish. 

Explanation of Fig. 5, A-H 
Callogenesis in Dalbergia sissoo 
A. Dark green nodular callus from leaf on NAA (5mg/l) + BAP 
(0.5mg/l) - 28 days old culture. 
B. Creamy coloured friable callus from stem segment on NAA 
(5mg/l) + BAP (0.5mg/l) - 20 days old culture. 
C. Greenish nodular compactcallus from shoot tip on NAA (5mg/ 
1) + BAP (0.5mg/l) - 28 days old culture. 
D. Dark green nodular callus from stem segment on 2,4-D (2mg/ 
1) + Kn (0.5mg/l) - 28 days old culture. 
E. Greenish loose callus from stem segment on BAP (5mg/l) + 
NAA (5mg/l) - 20 days old culture. 
F. Creamy coloured callus from shoot tip on BAP (5mg/l) + 
NAA (5mg/l) - 28 days old culture. 
G. Nodular green loose callus from leaf on BAP (5mg/l) + NAA 
(0.2mg/l) + Gla (50mg/l) - 35 days old culture. 
H. Nodular green loose callus from stem segment on BAP (5mg/ 
1) + NAA (0.2mg/l) + Gla (50mg/l) - 20 days old culture. 
DGN - dark green nodular, Cr - creamy coloured, GrNc - greenish nodular compact, 
GrL - greenish loos, NGL - nodular green loos. 

Explanation of Fig. 6, A-E 
Callogenesis in Mentha arvensis 
A. Compact green callus from leaf on 2,4-D (2mg/l) + BAP 
(lmg/1) - 25 days old culture. 
B. Compact greenish callus from stem segment on NAA (5mg/l) 
+ BAP (lmg/1) - 25 days old culture. 
C. Compact greenish callus from stem segment on 2,4-D (5mg/l) 
+ BAP (lmg/1) - 25 days old culture. 
D. Nodular green callus from leaf on Ads (15mg/l) + NAA 
(5mg/l) - 28 days old culture. 
E. Greenish granular callus from stem segment on BAP (5mg/l) + 
NAA (0.5mg/l) - 28 days old culture. 
CG - compact green. CGr - compact greenish. NG - nodular green. Grgr - greenish 
granular 
Explanation of Fig. 7, A-E 
Callogenesis in Cannabis sativa 
A. Compact yellowish smooth callus from leaf on NAA (2mg/l) 
- BAP (0.5mg/l) - 20 days old culture. 
B. Green nodular compact callus from stem segment on NAA 
(4mg 1) + BAP (0.5mg/l) - 20 days old culture. 
C. Yellowish smooth callus from leaf explant on 2,4-D (2mg/l) + 
BAP (0.5mg/l) - 20 days old culture. 
D. Green nodular callus from leaf explant on BAP (2mg/l) + 2.4-
D (0.5mg/l) - 28 days old culture. 
E. Creamy coloured friable callus from stem segment on BAP 
(4mg/l) + NAA (4mg/l) - 28 days old culture. 
CY - compact yellowish smooth. GNC - green nodular compact. Ys - yellowish 
smoot. GN - green nodular. CrFr - creamy coloured friable. 

Explanation of Fig. 8, A-D 
Callus growth in Helianthus annuus 
A. Callus grown after 35 days of incubation on MS + lAA 
(3mg/l) + Kn (O.OSmg/l) - 35 days after incubation. 
B. Callus grown on MS + lAA (5mg/l) + Kn (0.05mg/l) - 35 
days after incubation. 
C. Callus grown on MS + NAA (5mg/l) + Kn (0.05mg/l) - 35 
days after incubation. 
D. Callus grown on MS + IBA (lmg/1) + Kn (0.05mg/l) - 35 
days after incubation. 

Explanation of Fig. 9, A-C 
Callus growth in Helianthus annuus 
A. Callus grown on MS + BAP (3mg'l) + lAA (0.05mg/l) - 35 
days after incubation. 
B. Callus grown on MS + BAP (5mg/l) + lAA (0.05mg/l) - 35 
days after incubation. 
C. Callus grown on MS + Kn (lmg/1) + lAA (0.05mg/l) - 35 
days after incubation. 

Explanation of Fig. 10, A-F 
Callus growth in Brassicajuncea 
A. Callus grown after on MS + IBA (5mg/l) + Kn (0.05mg/l) -
35 days after incubation. 
B. Callus grown on MS + NAA (5mg/l) + Kn (0.05mg/l) - 35 
days after incubation. 
C. Callus grown on MS + IBA (3mg/l) + Kn (0.05mg/l) - 35 
days after incubation. 
D. Callus grown on MS + BAP (lmg/1) + lAA (0.05mg/l) - 35 
days after incubation. 
E. Callus grown on MS + Kn (3mg/l) + lAA (0.05mg/l) - 35 
days after incubation. 
F. Callus grown on MS + Ads (15mg/l) + lAA (0.05mg/l) - 35 
days after incubation. 

Explanation of Fig. 11, A-G 
Callus growth in Ocitnum sanctum 
A Callus grown on MS + lAA (3mg/l) + Kn (0.05mg/l) - after 35 
days of incubation. 
B. Callus grown on MS + NAA (5mg/l) + Kn (0.05mg/l) - after 
35 days of incubation. 
C. Callus grown on MS + 2,4-D (3mg/l) + Kn (0.05mg/l) - after 
35 days of incubation. 
D. Callus grown on MS + IBA (5mg/l) + Kn (0.05mg/l) - after 
35 days of incubation. 
E. Callus grown on MS + BAP (5mg/l) + lAA (0.05mg/l) - after 
35 days of incubation. 
F. Callus grown on MS + Kn (5mg/l) + lAA (0.05mg/l) - after 
35 days of incubation. 
G. Callus grown on MS + Ads (lOmg/1) + lAA (0.05mg/l) -
after 35 days of incubation. 

Explanation of Fig. 12, A-E 
Callus growth in Dalbergia sissoo 
A. Callus grown on MS + NAA (Smg/l) + Kn (0.05mg/l) - after 
35 days of incubation. 
B. Callus grown on MS + IBA (5mg/l) + Kn (0.05mg/l) - after 
35 days of incubation. 
C. Callus grown on MS + Kn (5mg/l) + lAA (0.05mg/l) - after 
35 days of incubation. 
D. Callus grown on MS + BAP (5mg/l) + lAA (0.05mg/l) - after 
35 days of incubation. 
E. Callus grown after on MS + Ads (15mg/l) + lAA (0.05mg/l) 
- after 35 days of incubation. 

Explanation of Fig. 13, A-D 
Xylogenesis in Helianthus annuus 
A. Compact arrangement of xylem cells in t.s. of callus on MS 
+ IBA (5mg/l) + Kn (0.5mg/l). 
B. Compact arrangement of xylem cells in t.s. of callus on MS 
+ lAA (2mg/l) + Kn (0.5mg/l). 
C. Tracheary cells arranged in localized regions in t.s. of callus 
on MS + 2,4-D (2mg/l) + NAA (lmg/1) + Kn (0.5mg/l). 
D. Compactly arranged tracheary cells in ring in t.s. of callus on 
MS + BAP (2mg/l) + Kn (lmg/1). 
TEs - trachean elements 

Explanation of Fig. 14, A-D 
Xylogenesis in Brassicajuncea 
A. Large number of xylem cells compactly arranged on MS + 
BAP (2mg/l) + Kn (2mg/l) + lAA (0.5mg/l). 
Xylogenesis in Ocimum sanctum 
B. Localized compact arrangement of xylem cells on MS + lAA 
(lmg/1) + Kn (0.5mg/l). 
C. Compact arrangement of tracheary cells on MS + BAP (2mg/l) + 
lAA (0.5mg/l). 
Xylogenesis in Dalbergia sissoo 
D. Xylem cells arranged evenly on MS + IB A (5mg/l) + Kn 
(0.5mg/l). 
TEs - tracheary elements. 
4v ^. > 
Explanation of Fig. 15, A-D 
Xylogenesis in Mentha arvensis 
A. Evenly distributed xylem cells on MS + lAA (5mg/l) + Kn 
(0.5mg/l). 
Xylogenesis in Cannabis sativa 
B. Large of number of xylem cells in compact arrangement on 
MS + IBA (2mg/l) + Kn (0 5mg/l). 
C. Localized xylem cell differention on MS + 2,4-D (2mg/l) + 
lAA (lmg/1) + Kn (0.5mg/l). 
D. Few xylem cell differentiation on MS + 2,4-D (lmg/1) + lAA 
(lmg/1) + Kn (0.5mg/l) 
TEs - tracheary elements. 

Explanation of Fig. 16, A-F 
Rhizogenesis in Helianthus annuus 
A. Profuse rhizogenesis from leaf on NAA (2mg/l) - 20 days old 
culture. 
B. Rhizogenesis in leaf explant on NAA (lmg/1) + IBA (0.5mg/l) 
- 20 days old culture. 
C. Moderately branched rhizogenesis in callus on MS/2 + IBA 
(5nig/l) + Kn (0.5mg/l) - 35 days old culture. 
D. Rhizogenesis from cut end of shoot tip on Kn (lmg/1) - 30 
days old culture. 
E. Moderate rhizogenesis in shoot tip on Kn (2mg/l) + lAA 
(lmg/1) - 30 da> s old culture. 
F. Rhizogenesis in leaf explant followed by slight callusing on 
MS/2 + Kn (lmg/1) + NAA (0.5mg/l) - 30 days old culture. 
r - root. C - callus. 

Explanation of Fig. 17, A-F 
Rhizogenesis in Brassica juncea 
A. Profuse rhizogenesis from cotyledon on MS + IBA (4mg/l) -
20 days old culture. 
B. Moderate rhizogenesis from leaf on MS + IBA (4mg/l) - 20 
days old culture. 
C. Few roots from leaf explant on MS + lAA (2mg/l) - 20 days 
old culture. 
D. Moderate rhizogenesis from leaf on MS + lAA (5mg/l) - 20 
days old culture. 
E. Profuse rhizogenesis from leaf on MS + NAA (4mg/l) + Kn 
(0.5mg/l) - 20 days old culture. 
F. Profuse rhizogenesis from subcultured callus on MS + NAA 
(4mg/l) + Kn (0.5mg/l) - 35 days old culture. 
r - root. 

Explanation of Fig. 18, A-D 
Rhizogenesis in Brassica juncea 
A. Profuse rhizogenesis in shoot tip on MS + lAA (4mg/l) + Kn 
(0.5mg/l) - 25 days old culture. 
B. Moderate rhizogenesis in shoot tip on MS/2 + IBA (2mg/l) + 
Kn (0.5mg/l) - 25 days old culture. 
C. Moderate rhizogenesis from leaf on MS/2 + NAA (4mg/l) + 
Kn (0.5mg/l) - 25 days old culture. 
D. Few roots from subcultured callus on MS + BAP (lmg/1) + 
lAA (lmg/1) - 30 days old culture. 
r - root. 

Explanation of Fig. 19, A-D 
Rhizogenesis in Ocimum sanctum 
A. Initiation of profuse rhizogenesis from stem segment on MS + 
NAA (4mg/l) + Kn (0.5mg/l) - 20 days old culture. 
B. Profuse and branched rhizogenesis from subcultured callus on 
MS + NAA (2mg/l) + Kn (0.5mg/l) - 35 days old culture. 
C. Initiation of few roots from subcultured callus on 2,4-D (2mg/ 
1) + Kn (0.5mg/l) - 35 days old culture. 
D. Moderate rhizogenesis from stem segment followed by profuse 
callusing on MS + NAA (lmg/1) + 2,4-D (1.5mg/l) - 35 days 
old culture. Note the swollen tip of roots. 
r - root. C - callus. 

Explanation of Fig. 20, A-D 
Rhizogenesis in Mentha arvensis 
A. A few roots from stem segment on MS + NAA (lmg/1) + 
BAP (0.5mg/l) - 25 days old culture. 
B. Moderate rhizogenesis from stem segment on MS/2 + BAP 
(2mg/l) + lAA (0.5mg/l) - 25 days old culture. 
C. Profuse rhizogenesis from subcultured callus on MS + IBA 
(4mg/l) + BAP (0.5mg/l) - 30 days old culture. 
D. Profuse rhizogenesis from subcultured callus on MS + IBA 
(2mg/l) + BAP (0.5mg/l) - 45 days old culture. 
r - root. 
Explanation of Fig. 21, A-C 
Rhizogenesis in Cannabis sativa 
A. Profuse rhizogenesis from subcultured callus on MS + 2,4-D 
(4mg/l) + Kn (0.5mg/l) - 45 days old culture. 
B. Initiation of profuse rhizogenesis from leaf explant on MS + 
NAA (4mg/l) + BAP (0.5mg/l) - 25 days old culture. 
C. Profuse rhizogenesis followed by callusing from stem segment 
on MS + IBA (4mg 1) - 25 days old culture. 
r - root. C - callus. 

Explanation of Fig. 22, A-D 
Rhizogenesis in Dalbergia sissoo 
A. Moderate rhizogenesis from stem segment on MS + NAA 
(4mg/l) - 30 days old culture. 
B. Profuse rhizogenesis from subcultured callus on MS + BAP 
(4mg/l) + NAA (0.2mg/l) + Gla (50mg/l) - 30 days old 
culture. 
C. Profuse rhizogenesis from subcultured callus on MS + NAA 
(4mg/l) + BAP (0.5mg/l) + Gla (50mg/l) - 35 days old 
culture. 
D. Few roots with ver>' slow growth from subcultured callus on 
MS + Kn (2mg/l) + NAA (0.2mg/l) + Gla (50mg/l) - 40 days 
old culture. 
r - root, C - callus. 

Explanation of Fig. 23, A-C 
Caulogenesis in Helianthus annuus 
A. Indirect caulogenesis from leaf on MS + BAP (5mg/l) + 
NAA (lmg/1) - 40 days old culture. 
B. Direct caulogenesis from leaf on MS + BAP (2mg/l) + NAA 
(0.2mg/l) - 30 days old culture. 
C. Caulogenesis in subcultured callus on MS + BAP (lmg/1) + 
NAA (0.2mg/l) - 30 days old culture. 
Sh - shoot, Shb - shoot bud. 

Explanation of Fig. 24, A-D 
Caulogenesis in Helianthus annuus 
A. Multiple shoot regeneration from flashy leaf on MS + Kn 
(2mg/l) + lAA (lmg/1) - 30 days old culture. 
B. Multiple shoot bud formation and shoot regeneration from 
subcultured callus on MS + BAP (5mg/l) + NAA (0.2mg/l) -
30 days old culture. 
C. Bud break and rossette like appearance from shoot tip on MS 
+ NAA (lmg/1) + BAP (0.5mg/l) + GA, (O.SmgA) - 30 days 
old culture. 
D. Multiple shoot regeneration from subcultured callus on MS + 
NAA (lmg/1) + BAP (0.5mg/l) - 40 days old culture. 
Sh - shoot. Shb - shoot bud. 

Explanation of Fig. 25, A-F 
Caulogenesis in Brassicajuncea 
A. Direct caulogenesis from cut end of cotyledon on MS + BAP 
(lmg/1) + NAA (0.5mg/l) - 20 days old culture. 
B. Caulogenesis in subcultured callus on MS + BAP (5mg/l) + 
NAA (lmg/1) - 35 days old culture. 
C. Caulogenesis in subcultured callus on MS + BAP (5mg/l) + 
lAA (lmg/1) - 40 days old culture. 
D. Indirect caulogenesis from stem segment on MS + BAP (Img/ 
1) + Kn (2mg/l) + NAA (0.5mg/l) - 35 days old culture. 
E. Direct caulogenesis from stem segment on MS + NAA (Img/ 
1) + BAP (0.5mg/l) - 30 days old culture. 
F. Direct caulogenesis followed by callusing from stem segment 
on MS + NAA (2mg/l) + BAP (0.5mg/l) - 30 days old 
culture. 
Sh - shoot. Shb - shoot bud. r - root 

Explanation of Fig. 26, A-F 
Caulogenesis in Ocimum sanctum 
A. Bud break in stem segment on MS + BAP (lmg/1) + GA, 
(0.2mg/l) - 25 days old culture. 
B. Caulogenesis from nodal segment on MS + Kn (lmg/1) + 
NAA (0.2mg/l) - 25 days old culture. 
C. Multiple shoot regeneration from nodal segment on MS + 
BAP (lmg/1) + NAA (0.2mg/l) + Gla (50mg/l) - 30 days old 
culture. 
D. Caulogenesis in subcultured callus on BAP (5mg/l) + NAA 
(0.2mg/l) + Gla (50mg/l) - 35 days old culture. 
E. Indirect caulogenesis from leaf on MS + NAA (lmg/1) + 
BAP (0.5mg/l) + Gla (50mg/l) - 35 days old culture. 
F. Direct shoot regeneration from nodal segment on MS + NAA 
(0.5mg/l) + BAP (0.5mg/l) - 35 days old culture. 
Sh - shoot. Shb - shoot bud 

Explanation of Fig. 27, A-G 
Caulogenesis in Mentha arvensis 
A. Direct shoot regeneration from petiole of the leaf on MS + 
BAP (2mg/l) - 20 days old culture. 
B. -do- (Back view) 
C. Indirect shoot rgeneration from leaf on MS + Ads (15mg/l) + 
lAA (0.5mg/l) - 20 days old culture. 
D. Direct caulogenesis from leaf petiole on MS + Ads (5mg/l) + 
lAA (0.5mg/l) - 25 days old culture. 
E. Caulogenesis from subcultured callus on BAP (2mg/l) + NAA 
(lmg/1) - 25 days old culture. 
F. Direct caulogenesis from stem segment followed by slight 
callusing on MS + Ads (5mg/l) + lAA (0.5mg/l) - 30 days 
old culture 
G. Direct caulogenesis from stem segment on MS + Ads (lOmg/ 
1) + lAA (0.5mg/l) - 25 days old culture. 
Sh - shoot, Shb - shoot bud, r - root. 
Explanation of Fig. 28, A-C 
Caulogenesis in Mentha arvensis 
A. Direct caulogenesis from stem segment on MS + Ads (5mg/l) 
+ lAA (0.5mg/l) - 20 days old culture. 
B. Large number shoot regeneration directly from nodal segment 
on MS + BAP (5mg/l) + NAA (0.5mg/l) - 20 days old 
culture. 
C. Large number shoot regeneration directly from nodal segment 
on MS + BAP (5mg/l) + NAA (0.5mg/l) - 25 days old 
culture. 
Sh - shoot. Shb - shoot bud 
Explanation of Fig. 29, A-F 
Caulogenesis in Mentha arvensis 
A. Direct caulogenesis from stem segment on MS + Kn (5mg/l) 
+ lAA (0.5mg/l) - 30 days old culture. 
B. Caulogenesis in subcultured callus on MS + BAP (5mg/l) + 
NAA (lmg/1) - 35 days old culture. 
C. Direct caulogenesis with roots from stem segment on MS + 
NAA (5mg/l) + Kn (0.5mg/l) - 25 days old culture. 
D. Caulogenesis in subcultured callus on MS + Kn (2mg/l) + 
lAA (0.5mg/l) - 30 days old culture. 
E. Low frequency of caulogenesis in subcultured callus on MS + 
BAP (lmg/1) + NAA (lmg/1) - 35 days old culture. 
F. High frequency of direct caulogenesis from nodal segment on 
MS/2 + BAP (5mg/l) + lAA (0.5mg/l) - 40 days old culture. 
Sh - shoot. Shb - shod bud. r - root. 
Explanation of Fig. 30, A-E 
Caulogenesis in Dalbergia sissoo 
A. Direct shoot regeneration from nodal segment on BAP (5mg/l) 
+ NAA (lmg/1) - 25 days old culture. 
B. Nodular green callus from leaf on MS + BAP (5mg/l) + 
NAA (0.2mg/l) + Gla (50mg/l) - 30 days old culture. 
C. Caulogenesis in subcultured callus on MS + BAP (5mg/l) + 
NAA (0.2mg/l) + Gla (50mg/l) - 28 days old culture. 
D. Caulogenesis in subcultured callus on MS + BAP (5mg/l) + 
NAA (0.2mg/l) + Gla (50mg/l) - 35 days old culture. 
E. Acclimatized plant after rooting. 
Sh - shoot, Shb - shoot bud, Nc - nodular callus. 

Explanation of Fig. 31, A-C 
Caulogenesis in Cannabis sativa 
A. Indirect shoot bud differentiation from leaf on MS + BAP 
(2mg/l) + NAA (2mg/l) - 30 days old culture. 
B. Direct caulogenesis from nodal segment on MS + BAP (5mg/ 
1) - 30 days old culture. 
C. Multiple shoot regeneration with fleshy leaves from 
subcultured callus on MS + BAP (5mg/l) + NAA (2mg/l) -
35 days old culture. 
Sh - shoot. Shb - shoot bud. Fl - flesh\ leaf 

Explanation of Fig. 32, A-C & G 
Somatic embryogenesis in Mentha arvensis 
A. Embryoid differentiation and plant development on MS + 
BAP (2mg'l) - 40 days old culture. 
B. Embryoid differentiation and plant development on MS/2 + 
BAP (2mg/l) - 35 days old culture. 
C. Large number of embryoid differentiation and germination on 
MS/2 + NAA (lmg/1) + BAP (0.5mg/l) - 35 days old 
culture. 
G. Embryoid differentiation and germination on MS/2 2,4-D 
(lmg/1) + BAP (0.5mg/l) - 35 days old culture. 
Sh - shoot. Em - embnoid. r - root. 
Explanation of Fig. 33, D-F & H 
Somatic embryogenesis in Mentha arvensis 
D. A very high frequency of embryoid differentiation and 
germination on MS/2 + BAP (lmg/1) + NAA (0.5mg/l) - 40 
days old culture. 
E. Embryogenesis on MS + 2,4-D (lmg/1) + BAP (0.5mg/l) - 35 
days old culture. 
F. Large number of embryoid differentiation and germination on 
MS + BAP (lmg/1) + NAA (0.5mg/l) - 35 days old culture. 
H. Large number of embryoid differentiation and germination on 
MS + BAP (2mg/l) + NAA (0.5mg/l) - 35 days old culture. 
Sh - shoot. 
Explanation of Fig. 34, A-C 
Somatic embryogenesis in Helianthus annuus 
A. Germinating embryoids on MS + 2,4-D (lmg/1) + BAP 
(0.5mg/l) - 35 days old culture. 
B. Germination of embryoids into seedlings on MS/2 + BAP 
(lmg/1) + NAA (0.5mg/l) - 35 days old culture. 
C. Large number of seedlings through embryoid germination on 
MS/2 + BAP (lmg/1) + NAA (0.5mg/l) + Gla (50mg/l) - 35 
days old culture. 
Sh - shoot. GEm - germinating einbnoid. r - root 

Explanation of Fig. 35, A-C 
Somatic embryogenesis in Ocimum sanctum 
A. Large number of embryoid formation only on MS/2 + 2,4-D 
(lmg/1) - 35 days old culture. 
B. A high frequency of embryoid formation only on MS + 2,4-D 
(2mg/l) + BAP (0.5mg/l) - 35 days old culture. 
C. Embryoid germination on MS/2 + 2.4-D (lmg/1) + BAP 
(0.5mg/l) - 35 days old culture. 
GEm - germating embnoid. Em - embnoid 

Explanation of Fig. 36, A-B 
Somatic embryogenesis in Brassica juncea 
A. Embryoid differentiation on MS/2 + 2,4-D (lmg/1) - 40 days 
old culture. 
B. Large number of embryoids showing germination on MS/2 + 
2,4-D (lmg/1) + BAP (0.5mg/l) + Gla (50mg/l) - 40 days old 
culture. 
Em - embrvoid. 

Explanation of Fig. 37, A-E 
Rooting in Microshoots 
A. Rooting in microshoots of Helianthus annuus on MS + NAA 
(2mg/l) + IBA (0.5mg/l). 
B. Rooting in microshoots of Mentha arvensis on MS + NAA 
(2mg/l). 
C. Rooting in microshoots of Mentha arvensis on MS + IBA 
(2mg/l). 
D. Rooting in microshoots of Cannabis sativa on MS + IBA 
(1.5mg/l). 
E. Rooting in microshoots of Cannabis sativa on MS + NAA 
(2mg/l). 
r - root. 

Explanation of Fig. 38, A-D 
Rooting in Microshoots of Ocimum sanctum 
A. Rooting in microshoots on MS + NAA (1.5mg/l). 
(Roots embedded in the medium) 
B. Rooting in microshoots on MS + NAA (2.0mg/l). 
C. Rooting in microshoots on MS + IBA (2.0mg/l). 
D. Rooting in microshoots on MS + IBA (1.5mg/l). 
(Roots embedded in the medium) 
r - root 

Explanation of Fig. 39, A-B 
Acclimatization of Helianthus annuus 
A-B. Acclimatized plants showing flowering. 
tftr^iiia i: 
Explanation of Fig. 40, A 
Acclimatization in 
Ocimum sanctum 
A. Acclimatized plants of Ocimum sanctum in earthen pot. 

Explanation of Fig. 41, A-B 
Acclimatization in Cannabis sativa 
A. Acclimatized plant in plastic pot. 
B. Acclimatized plant in earthen pot. 

Explanation of Fig. 42, A-C 
Acclimatization in Mentha arvensis 
A. Acclimatized plant in plastic pot. 
B. Acclimatized plant in earthen pot. 
C. Acclimatization in the field condition. 
